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MESSAGE

The Prime Minister is happy to learn that Nuclear Medicine
Physicists Association of India, Kolkata is conducting National
Conference on the theme 'NM SCIENCE: Eruption of
Radionuclides in Imaging & Therapy' from 25"- 26" February,
2017 and publishing a souvenir to mark the occasion.

On this occasion, best wishes to the organisers and
participants.

(Chandresh Sona)
Deputy Secretary

New Delhi
January 20, 2017
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Jagat Prakash Nadda

| am happy to know thal the Nuclear Medicine Physicist
Association of India (NMPAI) is organizing the First National Conference
of the Society of Nuclear Medicine Physicists of India with the theme
Eruption of Radionuclides in Imaging and Therapy' from 25" to 26"
February, 2017 at Kolkata.

This Conference, | am informed, will be conducted by the stalwarts
from the field of Nuclear Medicine and will be attended by delegates from
across the country. | am hopeful that the Conference will provide a
platform to discuss and learn the art and sclence of nuclear medicine. |
hope the aathering of physicists and scientists will provide a great
opportunity to the participants to deliberate upon various |ssues of the
field towards the better good of humanity.

| congratulate the organizers and the participants of the
Conference and exlend my best wishes for its success
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{Jagat Prakash Nadda)

sasu—wry, fmtv was 5 Rrsd-110011
348, A- Wing, Mirman Bhawan, New Delhl-110041
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MESSAGE

1 am indeed most delighted to be given an opportunity 1o occupy u leafl in the
Souvernir of the very first conference of the Nuclear Medicine Physicists Association of India
(NMPAL), | congratulate the organisers and the founding members for coining this association
which fills the gap in the field. a need of the present ey

I am happy to see that the field of Nuclear Medicine in India has flourished to this
extent within a span of few decades, It is further evolving with time. In this context this
Confercnce of NMPAI is very important step. Conferences are the medium for the exchange
of thoughts and discussion on new trends in the relevant ficld. 1 hope this event brings
together n good programme that stimulates both our clinical knowledge and scientific
intellect. The latter being more relevant; focus on improving radistion safety of patients as
well as of oceupational workers and the environment is of parmmount importance.

In Muclezr Medici Jinti J in led form are used in safe manner 1
perform dingnostic and therapeutic procedures complying with regulatory norms, Ti is an
important event, where “Eruption of radionuclides in imaging and therapy" will be
discussed, The role of Nuclear Medicine Physicist is becoming more challenging day by day
with the imtroduction of advanced imaging and thempy techniques and  pew
radiopharmaceuticals. '

Py

Let i urge to the participants ot this snnual o not remain confined with
the safety concerns at their own wori.plnne but take it as moml responsibility 1o observe
regulatory pli across all radi installations they come across.

l emd my warm grestings and good wishes to all the distinguished delegates
ici fi and wish all the success in achieving its ohjectives to
d’ ss:mmm: thm cutrent knowledge in the field of Nuclear Medicine and Radiation Safa'ﬂ}
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Subhash Chand Kheruka
President, Nuclear Physicist's Association of India (NMPAI)

It is my greal pleasure o weloome you to the 1" Annual conferance of Nuclear Medicine Physlist
Association of India-2017 which takes place in beautiful Kolkata the capital city of vibrant Wast
Bangal. This association NMPA| was established in the year 2007 in Kolkata.

The conference would nol hiave been possible without the enthusiastic and hard work of a number
of colleagues. | would like to express my appreciation to the organizers committes led by spirtted
team of Institute of Nuclsar Medicine of AMR| Institute Limited (Mr. Anindya Roy, Mr, Aditya Jha and
Mr. Amit Nautiyal) for thelr valuable contribution In assembling the high gquality confergnce
program, which will not leave any stone untumed in making your stay comfortable and memorable
one. They are great hostand will make all of us fesl great.

Scientific committee under the leadership of Dr. P.S. Sonl had arduous task of preparing an
academically rich program. | hope that 2 days scademic deliberations will ‘enhance our
professional skills,

tam also grateful to all the authors who trusted the conference with their work.

We are focusing on strengthening the organization struclures of NMPAL with the help af our
members.

We look forward o an exciting two days of Insightful presentations, discussions, and sharing of
technical ideas with colleagues from around the nation. We thank you for attanding the conference
and we hope that you enjoy your visitio the Clty of Joy.

Rajnath Jaiswar

Secretary, Nuclear Medicine Physicist's Association India
(NMPAL)

It gives me a great pride to mention that First Conference of Nuclear Medicine
Physicist's Assoclation of Indla (NMPAI) is being organized at Kolkata on 25"-26"
February 2017 by Anindya Roy, Aditya Nath Jha and Amit Nautiyal.

The conferenoe of such nature provides great opportunities to share the knowledge
and keep abreast with the latest developments in the field of Nuclsar Medicine Sclence.
The scientific schedule {3 designed lo discuss, debate and documanl every possibie
aspect of latest lechnology.

| would like 1o personally thank to the organizers of First NMPAI Conference, | also
thank to all participants for their scientific contributions which encourage the younger
generation of upcoming Graduates/Post Graduate in NM students, Nuclear Medicina
professionats

Thank you all for thelr conlribution to make the First NMPAI Conference & grest
SUCCESS.




PET/MRI fusion imaging System: A technical challenges
Ashish Kumar Jha, Tata Memorial Hospital, Mumbai

PET/MRI Is the latest fusion modality introduced in nuclear medicine practice to diagnose the complex disease
processes based on improved and reliable anatomical and functional information pravided by this combined system.
Bul combining Positran Emission Tomography (PET) and Magrietic Resonance Imaging (MRI1)in a single device was
a challenging task as both the imaging device faced lots of imterference from each other resulting in many new
developments and changes In both the system. Hence it is vary important to understand the real technical problem
faced by lwo systems In the process of combining with each ather.

Ways in which PET can affect MRI:
The introduction of PET detectors inside the gradient coil and magnet can lead to interference.

* PET Scintilation detector lke G50 and LGSO may cause small differences In magnetic susceptibllity within the
magnet bore may resullin an inhomogeneity in the main magnetic field (8,). '

= Gradient of MRI may induce eddy current in shielding material and electronics of PET scanner may lead to
distortlon and non linearity in MRl image.

* PET electronics and power cable interfere with RF detection and can interfere with FR puise detection.

Ways in which MRI can affect PET:

The high static magnetic field (B0), quickly changing gradient fislds (81}, and radiofrequency signals (RF) from the
MR scanner prevent tha normal oparation of photomultiplier tubes and fronl-end electronics of PET deteclors used in
currentgenaration PET/CT Systam.

» Main magnetic field: The magnetic field perturbs the paths of electrons maving from the photocathode down the
dynode chain to the anode resulting In a loss of gain.

* Gradient fields: Rapldly swilching magnelic fields can induce eddy current loops in any conduclive
components introduced into the magnal bore, including PET circuitry. Inaddition to signal interference, these can
lead to heating and mechanical vibration

* RF interference: Any electronics siluated within the magnel bore may be susceptible 1o RF interference
generated by the MR transmit coil. This effact is respansible for the drop in PET count rate that is observed in
many MRI-compatible PET systems during MRl acquisition.

MRI compatible PET detectors:

The mest widely used PET scintillators LSO, LYSO and BGO, have a magnetic suscaptibilily simitar to thal of human
lissue and have been demonsirated lo have negligibile effects on MRI. Scintiliators containing gadelinium, such as
GS0and LGS0, are notsuitable; however lhese are less commaonly used for PET nowadays.

Sequential v/s simultaneous imaging:

PET/MRI system development was based on two major approach, namely, sequential imaging and simultaneous
imaging. Based onthess wo approach two different models, separate gantry model and Integrated gantry mode| were
developed.

Sequential imaging:
Insequential imaging approach, gantries for MRI and PET separaled by patlent table were developed to minimize the
interference from each other (fig1). In this kind of system no modification is required either in PET of MR system.

Fhilips Ingenuity TF PET. MRLis an example of sequential imaging approach. A 3T multi transmit MR| and a high
resalution Time of  Filght PET are connected by a patient turmntable that conveys the patient from one examination to
the next withoul requiring them to mave fram the table, All PET and MR applications that are available an standalone
systarns are availabla on the bybrid PET MR_

Fig 1: Sequential PET/MRI with separate gantry
Simultaneous imaging:

In simultaneous Imaging approach, PET gantry is Iintegrated in MRI gantry (fig 2.). Several modifications were
required lo develop such system. Inability of PMT to work in side magnetic field was the major challenge to develop
such a system. Hence PMT was replaced with new ge ion of solid-stale photo deleclars Le. avalanche
pholadiode (APD)which do not gelinfluenced in magnetic field. Other eleclronics associated with PET were shielded
for magnetic and RF interference for proper operation in the MRI gantry.

Siemans Biograph mMR and GE Healthcare SIGNA PET/IMRI are the truly integrated PET MRl syslem avallable in
the market for clinical use, This PET/MR I system is capable of performing simultaneous imaging. These two PET/MRI
systams consistof a dedicated whole | body PET szanner bulltinto a dedicated 3T MRI scanner.

Fig 2: Simultaneous PET/MRI with integrated gantry
MR based attenuation correction in PET:

Since MRI signals do not have the same properties as gamma photon and unabie to produce attenuation value as CT
sgan, hence MRI based allenuation correction in PET was one of the major challenges in PETIMRI fusion. Twa
approaches have been extensively tesled for MRI based altanuation correction of PET image |.&. Allas based
approach and Segmenlation based approach,

Allas-based atlenuation correction: Atemplate MR Image 5 crealed from mulliple subjects (allas) and [he attenuation
values on it are assigned by using ransmission or CT scans of the same subject. These template images can then be
oo-registered with the MRI image of subject. and the attenuation values can then be assigned to the PET image. Allas
creatlon and co-registration Is the main issue with this method.

Segmentation based attenuation correction: Usually T1 weighted images are segmented into areas with different
altenuation values for air, lung, sofl tissue, fal and then this attenuation map |s applied to the PET images. Bane
segmantation |s ot passible in this method and sssignad the atlenuation valuad of soft issue,

Dueto the simplicity of segmentalion based approach, this has been ulilized in most of the clinical PET/MR| scanners
avallable commerciafly.

Clinical utility of PET/MRI:
Integrated PET MRI systems may potentially be used for a number of Indications in ancology, neurology and
cardiology bul clinical utility over the PET/CT scanner yel to be established, Primarily this modality should be used far
the functional assessment of cancer, In partioular those cancers that are diffioull 1o assess using CT, such as head and
neck, brain and prostats cancer.

Evolution of PET and PET/CT systems: From conventional to
modern technology

Dr Basant Malpani, Radiation Madicine Centre, Bhabha Atomic Research Centre,
TMH Annexe Bidg,, Parel, Mumbal - 40012, India
(Corresponding Author: Email: balmalpani@hotmail.com. Phone: +81-22-24134960)

The Modern PET-CT scanner, the mora popular version of a PET scannar as it stands |n clinlcal practice today has
evolved due fo a large number innovations and advances in physics. mathematics, chemistry, computer science and
batter understanding of understanding of the fundamental biclogical processes. The advances in one of these fields
prodded further evolution of the other and each complimented by driving the progressand more careful toning of other
to bring the modern day marvel. Historically speaking, the concept of a PET Scanner was placed much before the
1950's and Infact of of the earlias! prototype PET Scanners was demonsirated by Michel M. Ter-Pogossian in the late
1980's, This was preceded by prototypes of emission-computed tomography system by David E. Kuhl in lale 50's and
Invantion of cyclofron by Ermest O. Lawrance in mid 1830's.
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Ovar the periods, PET scanner design and performance have improved dramalically. The number of deteclor
elements has increased from =20 to =40,000 and the axial field of view from =2 1o =20 cm, the spalial resolution has
improved from =25 to =3 mm, and the sansilivity has increased by at least 5000-fold. Detector geometrias have
undergone significant transformation; from Rotating Flat D to Ring De . from 20 PET systems to 3 0
PET systems and now the functionally useful Time of Flight systems enabled by the faster integrated electronics. The
BGO crystals have alfeady glven way to LYSO and other more faster crystals with better stopping power. 4 D PET
scannars that depict the depth of interaction within the orystal are being tested in clinical siuations. The 3D PET

reconstruction algorithms now use “adaptive statistically smart iterative reconstruction algorithmis” instead of filterad
back projection, improving the image quality ranyiold and also reducing patient doses and Imaging limes,

The intagration of PET scanner with a CT scanner though proposed much earlier was demonstraled in 1998 by Davyid
W.Townsend has now come & long way, and mulli modality iImaging is the showing the path for fulure applications af
PET technology. 16/ 32 slice CT scanners integrated with TOF-PET Scanners are the order of the day. Application of
attenuation carrection maps generated by CT scanners are now universally accepted to improve the quality of PET
scans, though the issues of molion correction and CT artifacts are still being sorled out The modern PET-CT
scanners have evolved from step and shool mode (o continuous motion systems. The CT scanners loday are capable
ol varying the exposure parameters goross the length and breadth of the patients, aliowing better dosimetric controls
and scan guality, Integrated PET CT scans are being more often used for radiation treatment planning than ever
leading to better outcomes. The fuluristic vision is more exciting with innovatians in delector crystals, integration of
samiconductor detectors, ASIC and compuling powers permiting smarter image processing and fusion capabiiities

Evolution of SPECT and SPECTICT system from conventional to
modern technology
Dibya Prakash, Nueclear Healthcare Limited, New Delhi

Abstract

Althe and of the 1970s single photon emission tomography (SPECT) was introduced. SPECT/CT has emerged over
the past almost two decades as a means of correlating anatomical Information from CT with functional information
from SPECT. The integration of SPECT and CT in a single imaging device facilitates anatomical localization-of the
radiopharmaceutical to differentiate physiological uptake from that associated with disease and palient-spacific
altenuation correction to improve the visual guality and quantilative sccuracy of the SPECT image. The first clinicaily
available SPECT/CT systems parformed amission-transmission imaging using a dual-headed SPECT camera and a
low-power x-ray CT sub-system. Newer SPECTICT systems are available with high-power CT sub-systems suitabia
for detalled anatomical diagnosis, Including CT coronary anglography and coronary calclfication that can be
correlated with myocardial perfusion measureaments. Thea high-perfurmance CT capabilities also offer the polential to
Improve compensation of partial volume errors for more acourate quantitation of radionuclide measurament of
miyocardial bload fiow and other physiological processes and for radiation dosimetry for radionuchde therapy. In
addition, new SPECT technologies are being developed that significantly imprave the detection efficlency and spatia!
resolulion for radionuclide imaging of small organs including the heart, brain, and breasl, and therefore may provide
new capabilities for SPECT/CT imaging in these Important clinical applications. Another Important aspect of
SPECTICT is the fact that the technigue, like PET, allows guanlification of the amount of tracar in terms of Bg/mLor as
a SUY. Numerous publications have shown that absolute quantification is feasible. This can be expected to further
boost diagnostic confidence, e.g. for judging the efficacy of a treatment through fallow-up acquisitions from the sams
patient or forimproving dosimetry for radionuclide therapy.

Key words:
SPECT, SPECT/CT, Quantitation.

Introduction

Single photon emission Commuted Tomography (SPECT) were devetoped during and of 1970s [1]. SPECT-CT
systems were (ntroduced commercial in 1999 [2]. The development of these tschnologies has been rapid over the
past several decades and has led to use of sophisticaled instruments that are both cost-effeclive and yield diagnostic
Information. Along with these technological advances, both the quantity and the complexity of information used In the
medical diagnostic process have reached levels that were unimaginable even a decade ago. Software technigues
have been developed that can register and fuse Images from multiple sources and are besl suited for correlating
images from rigld structures such as the brain and skeleton. Even when multi-modality image data are available from
dual-modality systems, structures within the images can be displaced by respiration, cardiae motion, and other
voluntary and involuntary motions. This implies that software-based methods will retain important roles in achieving
accurate levels of image reglstration even when patient studies are performed with SPECT/CT devices,

Early Development of SPECT & SPECT/CT

At the end of the 1870s single photon emission lomography (SPECT) was introduced. By rotating the gamma camera
around the body axiz and acquiring images at every few degrees of rotation I was possible to recanstruct three
dimensional Images ina way analogous to the well known X-ray CT systems [2]. In the late 1880s, researchers began
devising methods to combine radionuchde emission imaging directly with x-ray transmission imaging in a single
systam, Possibly the sarliest such system was proposed by Mirshanoyv [3], who recelved a Soviet patent for a
combined trensmission-emission tomograph in 1987, This system was designed so that the patlenl could undergo
simultansous radionuclide and x-ray imaging with separate scintiiiation and semisonductor detector viewing the sama
patient volumea, with the resulting emission and transmission data then were recorded with @ common image buffer,
Although apparently not reduced to practice, this system was perhiaps the first that envisioned a combined system
with which an x-ray rather than a radionuclide source was integraled direclly to produce the transmission data as parl
of a radionuclide imaging study. Another early design for & dual-modality imaging system was disclosed In an
international patent application “Transmissionfemission and registered imaging (TERI) computed tomography
scanners’ by Kaplan. This work proposed acquiring the CT transmission and SPECT emission data simultaneously
using imaging deteclors to maintain spatial registrabion between the two image dala sets and to oblsin maps of
attenuation coefficients lo compensate the SPECT data for attenuation. A critical challenge In implementing a
simultaneous SPECT/CT system lias in the still-unsolved difficulty of designing a common detector with sufficiant
lemparal and energy resalution to discriminate the primary radionuclide photons from bath the x-ray signal and from
scaller of the radionuelide photons. Designing a detector capable of simultaneous x-ray and radionuclide imaging
remains & fundamental technical barrier in developing a system for truly simultaneous emission and ransmission
imaging with performance levels matching those achieved with currently available CT and SPECT systems.

The “modem” SPECTICT system was onglnally developed by Hasegawa, et al, al USCF in the mid-1980s.
SPECTICT data simultaneously with a singte detector. The modern SPECTICT system utilizes an allernative
approach which has proven to be more robust and incorporates separate state-of-the-art SPECT and C7 sub-
systemns. The SPECT and CT sub-syslems can be placed in tandam (e, in-line) for imaging and Integrated with a
comman patient (or animal) table and computer system. This group integrated 8 GE XR/T SPECT and GE 2800 Qulck
CT systams with an elongated table that could be positioned for either CT or SPECT imaging without removing tha
patient from the system. The patient table was mechanically supported with an external brace atthe farend of the CT
system to minimize downward table defiection when it was extended to the SPECT sub-system. This allowed the CT
and SPECT data 1o be acquired sequentially with the CT data reconstructed in the CT scanner with a conventional
filterad backprojection slgorithm. then transferred o an external hast computer via magnetic lapa. The CT dala wera
available for anatornical display, or could be converted {as described below) to obtain @ CT-derived map of linear
attenuation coefficients to comect the radionuclide data for photon attenuation. The mdionuclide projection data
acquired with the scintillation camara system were transferred via diskette onto the host computer far iterative
recanstruction, allowing the SPECT data to be reconstructed with -attenuation cormection using the CT-derived
attenuation map: These reconstruction and post-processing steps produced three different displays: the x-ray GT
data reconstructed from the CT scanner, the radionuclide emission data reconstructed with attenuation correction
from the x-ray CT dala; and a fused image In which the radionuclide data were displayed In color over & co-registered
CTimage displayed in grayscale.

Current SPECT/CT Technologies

The current SPECT/CT system from General Electric Healthcare now has been upgraded and are named as the GE
Infinia Hawke. This system incorporates an x-ray source with significantly lower power than a conventional diagnostic
CT scanners (which aperate at 120-140 KV, 500 mA, and 0.4-s (or faster) rotation speed). Although these first-
generation SPECT/CT systems are relatively limited In their spatial resolution, scan speed, and signal-to-noise
performance of their CT sub-systems, overal| they are well-suited in terms of cost and performance to addressing the
needs of attenuation correction and low-resolution anatomical localization and provide useful information that
improves diagnostic accuracy compared to SPECT scans alone. SPECTICT systems with advanced CT capabilities
were introduced in 2004 and new are being adopted in clinical practice. These systems, such as tha Siemens Symbia
and the Philips Precedence. typically match a dual-head SPECT system with a multi-slice CT scanner having
performance simllar to that obtained with conventional diagnostic CT. Tha Slemens Symbia Is also avallable with a
single-slice lower solution CT scan for atfenustion correction and anatomical mapping or with a diagnostic 2-, 6, ar 16«
slice CT. Simllarly, the Precedence SPECT/CT system from Philips is available with & 8- or 16 lice CT capability. Both
the low- and high-power CT systems available from the commercial vendors can be used to perform attenuation
correction and anatom|cal localization of the radi lide data suitable for myocardial perfusion measurements.
tumor imaging. and other radionuclide studies. However, the improved signal-to-noise charactenstics and multi-slice
capability of the higher-power CT systems offer detailed anatomical Informalion with improved spatial resalution,
excellent soft-lissue contrast resolution, and sufficiently fast scan speed for applications with intravenous lodine
contrast enhancement. These characleristics are especlally sultable for oncology where detailed anatomical
localization Is nesded. Other investigators have reported using the higher-performance SPECT/CT systems for
applications in erthopedics | infection and Inflammation, pulmenary function, and endocrinology, where the Improved
anatomical localization helps identify areas of disease that can be difficult to discriminate with SPECT alone. As
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previously mentioned, high-resolution CT performance can be used to define target anatomy to improve the
quantitation of absolute radionuclide uptake in small lesions such as tumors or In the myocardium. Finally, a
SPECTI/CT system with cardiac and coronary CT capability is likely to be well matched to myocardial parfusion
radi lide meas. which still zccount for almost 50% of SPECT imaging. SPECT/CT systems are now
available with 64-slice CT sub-syslems, capable of ultra-short scan times which “freeze” cardiac motion as required
for CT coranary anglography and calclum scoring. The high performance SPECT/CT systems also have the potential
for absolute quantitation of radionuclide content. with corrections for photon attenuation, scatter radiation, and partial-
volume errors in a way that could offer non-invas nent of regional myocardial blood flow and
caronary flow reserve. These capablities are just beginning to emerge. but are likely to be developed and tested as the
capabllities and performance of SPECT/CT mature.

Future Developments in SPECT/CT

The scintillation camera lechnology currently in use lor clinical studiss stll relles on the

technology invented by Hal Anger in 1957, Nevertheless, SPECT and SPECT/CT |s-continuing lo evolve with the
introduction of new technologies thal have the polential to improve performance beyond that possible with Anger's
pioneering approach. Recent

advances In detector technology that incorporate silicon photodiode or solid-state matarials offer the patential for
Improved spatial resolution and energy resolution, with greater stabilily and more compact slze, compared o
convenlional camera designs based on photomultiplier tube technology. Al this early stage in thelr developmenl. the
use of solid-state and semiconductor detectors has focused on imaging of the heart, breast, and other small organs,
MNeverthaless, it s llkely that as these newer detector technolopies will mature, (hay will become maore fobust in
performance and cost effectiveness and therefore evenlually repiace the pholomultiplier lube in radienuclide imaging
detectors.

Innovative SPECT/ICT Designs for Cardiac Imaging

ASPECT pretocol for myocardial perfusionimaging can consumes 2.5 hours or more in

procedure time, iIncluding 40-50 minutes of camera time, (longer if soft-tissue attenuation is suspected and the patlent
is imaged with prane positioning), Recently, myocardial perfusion camearas have been developed with novel detectar
and collimalor geometries that signlificantly improve detection efficiency while maintaining or improving spatial
resolution for myocardial perfusion imaging in comparnson to conventional scintillation camera designs. For example.
dedicated nuclear cardiology cameras have been developed by Spectrum Dynamics, Lid.2 {Caesarea, Israel) and by
Cardiare, Ing.3 (Canton, Ml) and are designed o acquire myocardial perfusion images in anly 2 lo 3 minutes versus the
10 1o 15 minutes needed with convéntional dual-head SFECT syslems. Similar performance now is being reported as
a waorks-in-progress (as of 2007 with-a new myocardial SPECT camers developed by GE  heallhcare. These new
nstruments offer significant advantages over conventional SPECT/CT systems in which an-expansive CT scannar
remains idle while the slow SPECT scan is compleled. The inclusion of a highly efficient SPECT syslem can dacrease
thescan lime of the SPECT study, and in doing so also Incressas the ulllizalion of CT and patient throughput compared
to conventional SPECT/CT systems. The clinical procedure includes 5-6 minutes needed 1o acquire the correlated
radlonuclide and x-ray data with an efficient SPECT camera plus 8 modem multi-slice CT system versus the 20-25
minutes required with conventional SPECT technolagy. The total procedure will be lengthened far acquiring both rest
and stress myocardial perfusion data betwean which the patient typically ieaves the imaging system lor administration
of the radiopharmaceutical for the second perfuslon scan. However, significant reductions In scan time would be
obtamed if the reststress images were oblained with simullaneous dual isotope imaging in which, for example, the
patignt first was administered 201 Tl at rest followed immediately by exercise or pharmacological stress after which the
patisnl would be injectad with the 99mTe perfusion agent for the stress parfusion study. [ the imaging system included
a high-performance CT scanner, the radionuclide imaging studies could be followed Immediately by CT coronary
angiography and assessment of coronary caloification: It is concelvable that the volumatric CT data also could quantify
myocardial thickness to improve the measurament of radionuclide uplake In the myocardium. Both CT coranary
angiography and gquantitation of myocardial perusion are lllustrative the potantial for a high-parformance myocardial
SPECT/CT with a fast and cost-effective acquisition protocal.

Innovative Breast Imaging with SPECT/CT

Tomal et al at Duke Unlversity are developing a compact dual-modalily SPECT/ CT system for dedicated tomographic
imaging ofthe pendant, uncompressad female breast. A prolotype system is designed to perform SPECT with a 1.620-
cm2 CZT-based compacl gamma camera having 2.5-mm pixels that allow flexible angular positioning with a
goniometer. This dual-modality breast imager also includes a flat-panel digital detector coupled to a Csi(TI) phosphor
to perform ©T with a quasi-monoenergetic x-ray cone-beam produced with a heavily-fillered tungsten anode. The CT
system has a stationary polar orientation and s laterally offset from the center of rotation for imaging pendant,
uncompressed breasts that are larger than the detector’s field of view. Both the x-ray and radionuclide sub-systams
are coupled o a common rotation stage and have a common field of view. As independent systems, both dedicated
SPECT and CT have yielded visualization of small lesions in the breast, including those looaled close to the chest wall,
Resulls from the combined system show thal emission projection images can be contaminated by x-ray scalter

photons that artifactually increase the apparent signal in reconstructed emission images. Emission contamination also
can Increase noise in the transmission image resulting In reduced signal-to-noise ratios in reconstrucled CT Images.
Nevertheless, measurements with the combined system components show that optimal

placement of the SPECT and CT sub-systemsis limited by physical constraints rather than signal cross-contamination
that can oceur with a SPECT/CT system that shares a common field of view. Overall, integrating both modalities on a
single gantry is deslgned fo simplify data acquisition, SPECT-CT image reglstration, and necessary Image corrections
with the goals of correlating radionuclide uptake with anatomical structure, improving detection and staging of cancer,
monitoring treatmenlt response, and improving selection of surgical biopsy sites.

Quantitative SPECT/CT imaging

Absolute quantification in terms of image units in Bg/mLor SUV is the standard in PET imaging. Although some reports
suggested that SPECT 15 not e quantitative modality, technological advances have led to an increass in the number of
papers reporling high quantitalive accuracy with SPECT, mainly evaluated in phantom or simulation studies. For
example, Shcherbinin et al. reported errors of between 3 % and & % in @ study on a torso phantom using the isotopes
Te-889 m, 1-123. 1131 and In-111. Du et al.achieved a 2 % error for 1-123 In a brain phantom. Vandervoort et al.
performed simulation studies on the Mathematical Cardiac Torso phantom and.ona To-89 mfilled tarso phantom and
reportad B % ercar for the simulation and within 4 % error for the phantom study. Da Silva etal. reported 8 % error in an
anthropomorphic phantem with cardiac inserd, for the isotope Te-29 m. For the In vive quantification of Te-98 m in 16
patients, Zeintl et al. applying corrections for point spread function, attenualion and scatter. found average deviations
of 6.8 % between the activity conoentration obtained on SPECT and a well counter measurement of the activity
concantration in the bladder. Using the same methods, Cachovan et al. reported uptake of Te-29 m-bisphospanate in
the lurnbar spine in 50 patients. The quantification of diagnostic tracersis of greal interest (fone's alm is o evaluats the
course of a disease. Another potential application In this field is the quantification of therapeutic radionuclides for
dosimetric purposes. In this regard, Sherbinin etal. reported & 14.2 % overestimation of the activity concentration of a
70 mLcontainar filled with Lu-177. Similarly, Beauregard el al. obtained & deviation of 79 % for Lu-177 In a phantom
with eylindrical compartmants, applying comections for PSF. atienuation, scatter and dead-time. For the in vive
quantification, they reporled an average error of 3.1 % for six patients. Unfortunastely larger studies thal evaluate the
guantitative accuracy of today's SPECT systams for therapeutic tracers are still fscking. Neverthaless, some
manufacturers have recenlly starled offering SPECT systems that ganerale quantitative Images for a limited number
of isolopes.

Conclusion

As we amerge from the first decade of the clinical use of SPECT/CT, several challenges still remain. First, unlike
PETICT, which has essentlally replaced PET-anly systems commercially, SPECT/CT has not achleved comparable
commeroial dominance over sonvenlional SPECT, This likely is due |n part to the dlinlcal flex/hifity of SFECT, which is
used for a wide specirum af clinical applications with different radiopharmaceulicals. This |s a decidedly different
situation than that with PET and PET/CT. which are used predominantly for tumor Imaging with 18F-
fluprodeoxyglucose. Secondly, as noted above, SPECT/CT suffars an imbalance in cost-effectiveness due o the
differences In acquisition time between SPECT and modem CT. However, as also noted aboye, advances in SPECT
Instrumantation, CT technolagy, and radiopt jcal o pmanl have the potentlal 1o advance SPECTICT
bayond its current level of performance. Potantial clinical applications of SPECT/CT are numerous and include more
efficient studies of myocardial perfusion imaging with the potential for porrelation with CT coronary angiography, GT
also has the potential to provide anatomically gulded partial-volume correction for absolute quantitation of tumor
uplake and dosimetry of lumor-specific agents with an accuracy not achisvable using SPECT alone. SPECT/CT also
has the potential to advance imaging application in infectious diseases, orthopedics. neurology, and breast cancer.
Finally, on the horizon, s the potential for SPECT imaging with new tumor-specific agents now entering clinical trials,
Given these characteristics and potential applications, it is likely that the clinical use of SPECT/CT will expand,
becoming an increasingly important tool in diagnostic Imaging for a wide spectrum of disease. Anather impoertant
aspect of SPECT/CT is the fact that the technique, like PET. allows quantification of the amount of tracer in terms of
BgimL or a5 a SUV. Numerous publications have shown that absolute quantification is feasible. This can be expected
lo further boost diagnostic confidence, e.g. for judging the efficacy of a treatment through follow-up acquisitions from
the same patient or for improving dosimetry for radionuclida therapy.
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PREAMBLE:

Image r truction is a math tical p that generates tomographic images from projection data acquired at
many different angles around the patient. Image reconstruction has fundamental impacts on Image quality and
provides significant technical challenges for the nuclear medicine personal.

FETISPECT images are formed by acquiring gamma photons emitted from the body whereas CT images are by
acqulring X-ray transmitted through the body, Only acquisition technique of each modalily is different, otherwise
reconstruction technigue is common inall the modalities e.g. SPECT, PET. CTand MRI.

The basic principle of tnmuxraphy is to reconstruct the image of a slioe of activity in the body based on the measured
images atdifferent angles. A sat of images around the patient are acquired (called forward projections), then consider
only the single lines on these images that correspond to the acquired counts from a.single slice. The reconstruction is
done by commaonly either back projection or [terative reconstruction algorithms.

Filtered back projection (FBF) and the assoclated filtering necessary to reconstruct data in emission tomography are
vary simple and mostly used. However, FBP has some limitations, particularly when there is need to incorporate
attenuation correctlon, The alternative is to adopl an iterative reconstruction technigue, which more readily can
incorporate accurale attenuation correction as well as having altractive noise properties. The basic concepts of each
reconstruction technigues with some emphasis on lterative-maximum likelihood reconstruction will be discussed. The
Iater technigue s ime consuming but the avallability of faster computers has enhanced the applicabllity of iterative
technigues in clinlcal practice.

Simple back projection reconstruction Technigue:

In tomography, the data acquired at different angles (called forward projections) Is back projected for reconstruction.
Back projection involves laking the projection counts and projecting these, back along the direction from which the
counts originate, For a parallel hole collimator this is assumed in a direction at perpendicular to the deteclor (assuming
all detected photons have travelled in straight lines and are well collimated). Since we do not know the exact location
from which counts originated, the best we can do Is to allocate counts equally along this line as shown In Fig. 1 {a, b),

Filtered back projection (BP):

Though the back projection reconstruction technigue is vary simple to use butl it has several \q\q
drawbacks. First, it produces an image, which has a high density in the centar (Pl ses above figure),

This is due to the fact that many different images are being overlapped in this area. Secondly, the 4 2 :
resulting image is seversly blurred and we end up with counts streaked (star artifact) all over the /é
image (Fig 2a, 2b). We have to find & solution to correct this problem that has been Introduced by the

back projection process, The way this s done is (o add & filler to correct the problem and perform
filtered back projection. The purpose of the digital filler is to correct for the star artifact in the back
projection process. The carrection can be done on the final image. but it happens that one can apply

the correction to the orlginal projections, before back projection, which tan be done by Fourer
Transform

%

Figure Za-h.

(a) Distribution of radioactivity fram two points sources acquired at different angles shawn

(b} Back projections of these point sources by supermposition at vanious angles to reconstruct images (to get back
two point sources). The drawback s it Introduces star ardifacts.

"

Fillered back projection always Involves a Ramp filter. However & second smoothing filter (or combined
smoothing/Ramp filter) is necessary to control the noise. For that the guestion is always comeas in mind that which
second filter one should use to control nolsa in filtered back projection and for that the complete knowledge of digital
filtering is required

The window of filter is chosen in such way that it retain true signal at the low frequencies, but remove statistical noise at
both the lowest and highest frequencies. Therefore, filtering is accomplished through multiplication of Ramp
reconstruction filter with a low pass frequency and it may be expressed as follow:

Hif)y =1. Lif);

Where H(f} is the modified reconstruction filter at frequency ' and L{f) is a low pass frequency filters of
cholee. Pl note that Ramp filler is a linear filler, thal is why we use Ramp filler (Amp = freq), whose amplitude increases
with frequency and after mulliplication resullis alwaysequalto 1{.e. 1/fxI=1)

The various filters which are generally used along with Ramp are low pass filter {allows low frequencles and cut-off
higher noisy frequencies) viz. Bulterworth, Hann (often misnamead as the Hanning), Shepp-Logan, Parzen, Gaussian,
ete. Thase are all smoothing filters, which can be combined with the Ramp. These dilferent named filters simply refer
to the shape of the filters that are all slightly different. Normally choose parameters that further modify the shape of
these filters so the final result will depend not only on the filter chosen but also the parameters chosen.

Itis worth lo mention here that amongst all filters, the Butterworth filter is the main filter sinca itis widely used
as Iks shape is particularly well suited to SPECT filtering. It has a specific shape with a plateau at low frequencies (this
means that the filter has no affect on low frequencies (multiplying by 1) but only affects high frequencies).

In addilion, Image Smoothing |s necessary since the Ramp filter also amplifies high frequency noise.
Since smoothing Involves multiplication (in the Fourier domain) it can be performed before, during or after Ramp
Filtering. In all casesif the same filter is applied the result is same, However smoothing can be improved if you smooth
Inas many directions (x, y, z) as possible. In short, it does not make any differencea whether we apply filter Le_ before or
after reconstruction. On some systems one has & choice of exaclly when Lo apply filter either as a pre-reconstruction
filter or post-reconstruction filter. Infect it can be demonstrated that one can achieve exactly the same resulls by a
number of approaches.

Each filter has some advantages and disadvantages. One must decide what is more necessary: less noise, clear
Image. or faster results when deciding which filter lo use.

lterative Reconstruction:

Although FBP gained popularity 85 a very fast reconstruction technique there are limitations in the image guality
produced. To a large extent this Is due to the back projection process and the necessary filtering, which accentuates
noise and can result in streak artifacts and degrade the image quality, especially when projection s having low
couriting statistics. Also, fillered back projeclion is not suitable, particularly when Lhere is need Lo incorparate aceurate
nan-uniferm altenuation correction, scatter, quantitative imaging and other physical factors. An alternativeto FEP is to
use iterative reconstruction technique [4. 5. 6] and can Incorporate altenuation correction and helps 1o remove noise.
Howevar, limitatlons exist for the routine application of this technigue due to the higher compulational demand and the
slow converdence of the algorithm. Therefore, the iterative reconstruction was mainly limited 1o fastar computer
systems, Due to the availability of new powerful PC systems: the ilerative reconstruction can now be impiemented on
PC based workstation also. The lterative reconstruction algorithms are now commanly avallable from commercial
suppliers and therefore familiarity with iterative reconstruction lechniques is required,

Basic of Iterative Reconstruction Technigue:

ltecative reconstruction techrmigueds nothing but guess wark by taking progressively smaller steps that gradually get
closer to the correct (difference between guess and actual approach to zero) solution. |tis also called hit and tnal
method so thal the difference belwsen object and image Is minimal small, For PET scanner, a commen llerative
reconstruction technigue is maximum likelihood reco lor in which projections estimated from the current
solutionare comparad with the measured projection and the current solution is modified to minimise the difference.

In SPECT study, by using the guess to estimale, what the projections would look (ke Le, what the gamma camera
would have seen if the guessed object was imaged. Il would be similar to whal was measured bul would not be the
same. One can therefore compare the estimated projections, based on your guess, with the real measured projections
and usa this companson to alter the result, which is illustrated in the fiow chart (Fig. 3)




Fig. 3 Flow chart of Iterative Reconstruction Technigue

There are many ways inwhich iterative recanstruction can be performed but all have similar approaches, Probably the
most esmmonly used method is called maximum likelihood (ML) reconstruction, aften referrad 1o as expectation
maximisation (EM) or OSEM (Ordered Subse! Expectation Maximigation ) reconstrustion. MLreconstruction usually is
performed using the (EM) algarithm, whose abbrevlation |s commuonly used.

There are many lypes of lterative Reconstruction methods are available. All the early CT reconsiruclions were
llerative befors FBP became standard for SPECT and PET studies most widely recommended type is the: Maximum
Likelihood family [8, 9], using the Expectation Maximization algorithm (ML-EM), A major attraction of this algorithm is
Its simplicity,

In summary, the filtered back projection (FBP) algorithm and statistical model based lerative algorithms such as the
maximum fikelihood (MLEM) reconstruction are the two major classes of tomographic reconstruction methods.
Analytic reconstruction algorithms, for example the fillered back projection algorithm, are simple, faster and elegant,
butthey are unabie lo handle complicated factors such as scaller, altenuation carrections, ete. Herative reconstruction
‘algorithms on the other hand are more versatile and produce accurate images withoul star arlifacts as in the FBF. They
allow impartant corrections for image degrading effects, such as attenuation, scatter and depth-dependent resolution,
Earlfier, the main limitation for inroducing iterative algorithms in nuclear medicine was computation nma which is
much (anger for lierative technigues than for FBP. Many new lierative algarlihms-are cu ly under develop
‘which will reduca the reconstruction time. With the adven! of faster computer, It is possible to reduce the ierative
‘processing {ime ta minimum and will enable mare quantitative reconstructions.
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Quality control of PET/CT as per NEMA Guidelines:
From reference manual to Manoeuvre into practice.

Mr Ankit Watts , PGIMER, Chandigarh

The Intraduction of PET more than 2 decades ago has ravolutionized oncologic imaging and fostered a new
understanding of molecular alterations of cancer calis. Interest in PET especially increased sfter the introduction of
PETICT scanners, which allowad for lhe collection of both anatomie information and metabolic of functional
information in vivo in-one scanning session. Diagnostc capability of a PET/CT is dependent upon on the accurats,
reproducible pedfarmance of the instrument. The complexity of a combined PET/CT system nesds to be balanced with
rigorous quality control (QG) pracedures, An extensive series of parameters has been developed over the years for
acceplance tesling and performance characterization of PET/CT scanner. Mational Electrical Manufacturers
Assaciation (NEMA) has promulgated the detailed data acquisition and analysis protocols for this purpose. However,

the settings, procedures and phanloms lo be used are, normally, manufacturer specific. The performance
characteristics (specifications) are provided together with the equipment and should be checked during acceptance
testing of the equipment. Daily and penodic test resulls should be recorded and monitored continuously, so that any
slanificant deviation from the ref values can be datected and corracted for, before affecting clinical results. Both

the PET and the CT components-should be tested separately as rec ended and each par ter's working limits

should be considered. The NEMA has revised standard document for PET scanner with the first being NU2-1994
followed by Nu2-2001 to specifically cater for 3-D scanning and the effects of put-of-field radioactivity. In year 2007,
then Nu2-2007 document was made to cater for the introduction of PET scanners with Intrinsically radioactive
components & latest being Nu2-2012 amended o include the ime of flight and nontime of flight coincidence systems,
discrete and continuous detector designs. single and multiple slice devices and mulli-planar and volume
reconstruotion modals,

Before planning a QC procedure it Is advisable to prepare a schedule of testing and radicactivily requirements in
advance of lesting, Depending on the scanner, acceplancs tesling & complele yearly | scheduled quality contrals can
be completed in three to five days. Some of the essential lests as recommended by NEMAare:

¢ Spatial resolution

Sensitivity

Scatter fraction, count losses and randoms measurements

Energy resolution

Image quality and accuracy of atienuation, and scatter correction and quantitation
® Coincidence liming resolution for TOF

Once the instrument thal is being lesled passes all of the acceptance lests, 'benchmark tests' must be performed,
These lests are a set of quality control (QC) tests (hat are parformed in the same way a5 \he routine QC procedures.
The benchmark tests serve as a baseline for instrument performance and are used 1o evaluate subsequent QC lests.
The tests should also be used to evaluate instrument performance after major services and updates 0 software, and
must be repeatad afler upgrades in hardware & as requlred by the competent autharity of the country,

Practical Experience in operations of Medical Cyclotron
Dr Rajeev Kumar, AllMS, New Delhi

Cyclotron s a lype of particle accelerator which is Invented by Ermest O Lawrence!" In 1934 In this charged particles
accelarate outwards from the centre along a cireular pathway. Lawrence was awarded the 1939 Nobel prize in physics
for this invention. There are approximately over 1200 cyclotrons used in nuclear medicine worldwide for the production
of radionuclides.

Qur facility has a seilf-shiglded medical cyclotron RDS 111 from Slemens Lid. located in the basement with an 11MeY
proton beam in use for the past 10 years to produce: positron emitters (18F. 13N, 11C, 150 and 18F-2) for PET
Imaging. Itis a negative lon Cyclotron with 8 targets each side having 40 micro ampere target current.

During the routine operation of cyclatron, |Lis mandatory to maasure the radialion levels In and sround the cyclotron,
This halps to keep the radiation exposure to alevel of minimum and also heips the radiclogical safety officer (RS0O) and
medical physicist (MP) to identify the high radlation level around cyclotron. During 18F production, we follow a set
protocal comprising the follawing: monitoring targel pressure. rinsing (he target wilh 160 water just immediately after
bombardment, ion source feedback, radiofrequency (RF) fesdback, and recording any unusuai events that occured
during the operalion. Besides this, enrichment of 180 water, target volume, target currenl. energy of the beam,
vatiation in argon pressure on the target, bombardment duration, target status (new or old target or tolal number of
previous bambardments on the same larget), status of the dalivery lines fram large! to the radiochemistry madule (ld
or new) are aiso recorded. We share our ten years of operational experignce of medical cyclotron _This experience has
helped us gain working knowledge on cyclatron operation with practical points, which may helpinimproving 18F yiald,
minimizing the breakdown time, and help in the prevention of the occurrence of unusual events.
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Clinical Importance of Quality Control in Nuclear Medicine
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MNuclear medicing is crtically dependent on the accurate, reproducible performance of clinical radionucide counting
and imaging Instrumentation, Quality control (QC), which may be defined as an established set of angoing
m ents and analy designed to ensure thal the performance of a procedure or instrument is within a
predefined acceplable range, |s thus a critical componentof routine nuclear medicine practics. An extensive series of
parameters has been developed over the years for acceptance testing and pedormance characterization of y-
cameras, SPECT and PET scanners, and other nuclear medicine [nstrumentation, And detalled data acquisition and
analysis protocols for this purpose have been promulgated by the National Electrical Manufacturers Association
(NEMA), the American Association of Physicists in Meadicine (AAPM), IAEA, IEC and other regulatory, advisory, and
professional organizations.

Proper record keeping greatly facilitates datection of gradual deterioration of perfarmance over an extended perlod of
lime, by analyzing the results for degradation and initiating corrective action when necessary.

Abaseline set of quality control results should be recorded, afler a thorough evaluation of the system al installation
and acceptance testing, to serve as a reference for the life of the equipment. These can be used as a basis for
developing detalled protocols for individual systems and models of equipment.

As advances in medicine oceur at & rapid rate, the review and update of guidslines, such as these, should take place
atregularintervals and should be considered to be partof the quality assurance process. '

Current Trends in Molecular Imaging and Radionuclide Therapy"

Dr. Baljinder Singh
Dear-Indian College of Nuclear Medicine & Professor, Department of Nuclear Medicine
PGIMER, Chandigarh- 160012 India

In the current era of praviding personallzed medicine especlally in cancer, functional PET-malecular imaging using
both 18-flusrodeosygiucase (FOG}and non-FDG fracers and providing acturate information sbout lumar biology and
cellular characteristics play an important role. This 'stata of the art’ PET molecular Imaging has undoubtedly
established its strength in demonstrating the inherent heterogeneity of cancer cells with their varied celiular biology
and metabolic and receptor phenotypic expresslon in cancer patlents through the use targeted PET/SPECT
radiopharmaceuticals. During the last lwo decades, we have witnessed a slgnificant impravement of ancological
imaging through CT, MR imaging, PET, subsequent movement through hybrid or fusion Imaaing with PET/CT and
single-photon emission computerized lomography (SPECT-CT) and now moving ahead lowards the evolving
PETIMR imaging.

Thess technological and radiopharmaceuticals advancements have besn able lo enhance ancology care and have
the potential to helpimage (he tumor biology at the cellular level, followed by providing atallored treatment. Molecular
imaging, integrated diagnostics biology-driven interventional radiology and theranostics, all hold immense potential to
serve as a guide to give “start and slop” reatment for a patiant on an individual basis. This will likely have substantial
impact on both trealment costsand oulcomes.

| shall be discussing current trends in molecular imaging and targeted radionuclide therapy through the practice of
eslablished and expenmental lechnigues (FET/CT) with particular emphasis on newar SPECT/PET molecules and
mnewer betalalpha mdionuclides Theranoslics. The molecular imaging and {ransiation research and Its role in drug
development shall be discussad.
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Mathematical Modeling of Molecular Imaging Using
Lattice Boltzmann Method

Debabrata Datta
Radiological Physics & Advisory Division Bhabha Atomic Research Centre
Mumbai 400085

ddatta@bac.gow.in

Abstract

Molecularimaging (M1} is a new biomedical research discipling which enables the visualization, charactenizallon and
quantification of blologic processes that take place al the cellular and subeellular levels within intact living subjects
Including patients. M1 includes the field of nuclear medicine along with various other fields that logether offer an array
of differant strategies to-produce imaging signals. Whereas nuclear medicine uses radiolabeled molecules (fracers)
that prodice signals by means of radioactive decay only, molecular imaging uses thase as well as other molecules lo
image via means of sound (ultrasound), magnetism (MRI or magnetic resonance imaging), or light (optical lechniques
af bioluminescance and fluorescenue) as well as ather emerging technigues. The Images produced with M1 reflect
cellular and molecular pathways and mechanisms. of disease present in the context of the living subject. Ml is a new
paradigm, in the sense that tha molecular imaging itself encompasses a new imaging paradigm thal includes multiple
image-caplure techniques, cell/molacular biclogy, chemistry, pharmacology, medical physics, bliomathematics, and
bioinformatics. Ml s in contrast to the classical form of diagnostic imaging where documented findings show the end
effects of these molecutar alterations typically via macroscopic and well-established gross pathology,

Applications af M| technigues will benefit varlous clinical practices Including classification and tracking of
chemotherapy and treatment planning of radictherapy, as weall as drug discovery and developmeanl. M| typically
ingludes two or three dimensional imaging with quantification over time, and is often applied on molecular imaging
modalities, such as Positron Emission Tomography (PET), Single Photon Emission Computed Tomography (SPECT)
ete. According Lo the definition fram the Sociely of Nuciear Medicing and Molecular |maging (SNMMI), molecutar
Imaging is the visualization, characterization, and measurement of biological processesal the molecular and callutar
levels in humans and other living systems: Molecular imaging usually involves two- or three- dimensional images and
conducts guantitative analysis over the time. Molecular imaging modalities indlude Positron Emission Tomography
(FPET), Single Photon Emission Computed Tomography (SPECT), Oplical Imaging, Magnetic Resonance Imaging
(MRI), Computed Tomography(CT), and Ultrasound{US).

Lattice Boltzmann com putational Scheme can be applied to model the molecular imaging mathematically. Lecture will
finally address the knowhow of this new computationat scheme foraddressing the malecular imaging

Keywords: Molecular Imaging, PET, SPECT, biomedical, nuclear medicine, radiotherapy

“Contrast in PET/CT with emphasis on different protocol and
management of its allergic reaction”

Dr Punit
State-of-the-art diagnostic positron emission tomography/computed temography (PET-CT) with intravenous or oral
contrast gives excellant anatomic details as well as Inf ion on tumor vascularization and red the need for

additional conlrast-enhanced diagnostic Imaging modalities. It hes now become the standard of care in mostof PET-
CT eenters. While intravenous contrast agent are usually sub grouped as lonic and non-ionic agents, oral contrasts
are sub grouped as positive or negative oral contrasts, Contrast agents (especially positive oral contrast agaents) in
PETICT may lead to cverestimation of PET attenuation factors: however, this increasefoverastimation of
standardized uptake value is clinically insignificant. Use of positive oral contrast agents should be limited to patients in
whom the pathologic abnommality or site of suspected disease is In the gastrointestinal tract or abdomen. Use of
contrast especially intravenous contrast is associated with various adverse reactions. These can be divided into mild,
moderate, and severe. Mild reactions are the most common and include itching, fiushing, pallor, rashes, and so on
and usually require observation and reassurance. Moderale reactions |ike tachycardia, hypotension, bronchospasm,
laryngeal edema, and others require prompl treatmant and close observalion. Rarely, severe, life-threatening
reactions may occur like prograssive laryngea| edema, profound hypatension, cardiopulmonary arrest, canvuisions,
and so on that require hospitalization and promptintervention.

Short Biography
CURRENT POSITION: Waorking as Consultant, Department of Nuclear Medicine and PET/CT,
Apollo Glensagles Hospitals, Kaolkata, India
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Translational Preclinical Imaging and Drug Discovery Research

Pradip Chaudhari

Small Animal Imaging Facility Advanced Cantre for Treatment, Research and Education in Cancer (ACTREG),
Tata Memuorial Centre, Navl Mumbal, 410 210 e-mail: pchaudhari@actrec.gov.in

Abstract

Transtational imaging is becoming very important in clinical and preclinical drug development apart from its diagnostic
potential. There are several steps in the process of drug discovery, which starts with in sifico tests and involves several
in vitro and fn vivo assays till elinical trhials: In vive lests are performed in suilable animal model system. Conventionaily
I vivo evaluation is done in targe number of animals, but presently by introduction of Imaging lechnologies the number
of animals has been reduced. Besides the data obtainedis more accurate and reproducible. The precision data can be
obtained with advanced imaging tachnologles such as PET. SPECT, CT. MR and optical imaging. PET, SPECT baing
nuclear medicine modalities involves use of sullable radivisolopes. The animal model validalion is also done using
Imaging and then onee model is ready the drug efficacy 1s also evaluated using imaging.

In'last decade inlerestin preclinical Imaging technologies has Increased multifald. The instrumentation used in these
medalities isbased an similar deteclor matenal, signal recognitlon criteria and data analysis algorithms used In clinical
Instruments. The biomarkers uged in preclinical and clinical stage evaluations are same. which makes translation
more comparable, faster and allows us lo take go or not to go decisions aboul new molecules guickly, Combination
Imaging |s also getting popular in preclinical setup due to lts advantages such as accurate information about molecular
event and its localization. This talk deais with our experiences in setting up of first preclinical nuclear medicing
Imaging laboratory and its ulility in drug discovery as well as other multidiseiplinary research area.

The Role of Positron Emission Tomography-Computed Tomography (PET-CT)
with Elevated Tumor markers in Better Diagnosis, Prognosis and Treatment of
Cancer Patients with Suspected Recurrence.

Sharma Neeraj, Soni PS, Sonik B, Brar R, Sonik YA, Kaur A, Kaur K, Yadav A, Gupta S
Departmeant of Nuclear Medicine, Guru Gobind Singh Medical College & Hospital, Faridkot
Keywords: PET-CT, Tumor Markers, Cancer Recurrence

Introduction:
Early detection of cancer recurrence is clinically important and can improve the prognosis and survival of patients,
Computed Tomography (CT), iderad the primary method of investigation becausa of its low cost and widespread

availability, provides anatomic details but may underestimate small tumor clusters in areas of distorted anatomy after
treatment. 18F-FDG PET-CT Is an effective: whole-body imaging technigue which provides fused images that
demanstrate the complementary reles of functional and anatomic assessments in the diagnosis of cancer recurrence
through the precise localization of suspected 18F-FDG foci. In addition to this PET-CT has an impact on patient
management because it can assist In defining potential candidates for surgery for cure, pianning the appmpnate
surgical or radiotherapy approach, and referring patients with unresectable disease to other th

Tumor markers are substances that are produced by cancer or by other cells of the body in response to cancer. nghar

evels of umar markers are indicative of the presence of cancer In the body. Elevated levels of tumour markers like CA
15,3 for Ca Breast, Ca 125 for Ca Ovary, CEA for Colorectal Ca, PSA for Ca Proslate are frequently registered in lhe
follow-up of cancer patients.

Method:

Standard protocol of whole body F-18-FDG PETICT imaging is followed. 10mCi dose of F18-FDG is injected liv, after
overnight fasting and scan is taken B0min post injection. Oral and |/v contrast agents are administered in patients who
prasent clinical system regarding the same o ensure diagnostic CT data. Levels of serum creatinine Is monitored
before giving Iiv contrast in order to avoid kidney impairment. In case of diabetic patients levels of their blood sugar Is
checked before injecting the dose. It should be below 150 mg/dL_

Discussion:

Colorectal Cancer is one aof the most frequent malignancies in the world. Approximately one third of patients with
newly diagnosed colon cancer will develop liver metastases. The overall PET-CT perfarmance for recurrent colorectal
cancer in the abdomen, the liver, and extra abdominal sites showed s sensitivity of 82%, a specificity of 92%, and an
accuracy of 80%. The melabolic information provided by PET and superimposed on topographic CT landmarks
optimized subsequent surglcal and radlation treatment planning by differentiating surgleal scar from recurrence.
Further, CEA levels may be useful In the cancer prognosis or post-operative survelllance of colorectal cancer palients.

Ovarian Cancer,

PET-CT is very helpful for the early diagnosis of recurrent ovarian malignancies. Hybrid imaging differentiates
between adjacent sites of physiologic and malignant 18F-FDG uptake and definas the pattern of metastatic
peritoneal ding sparing unr ¥ i ive diagnostic and therapeutic procedures in patients with extensive
disease. CA-125 antigen remains the only serum tumour marker routinely used in epithelial cancer of the ovary for
patient prognosis, disease progression, and response to chemotherapy.

Breast Cancer, Is the most frequent malignancy In women. Il can recur atany time, but most recurrences accur in the
first three to five years afler initial reatment. Following the increased clinical use of CA 15.3 serum tumor marker
measurements, non invasive PET-CT can decrease the time lag between diagnosis and treatment of relapsing breast
cancer and therefore increase the chances for cure or long-term palliation.

Prostate Cancer, Prostate Specific Antigen (PSA) is present in small quantities in the serum of normal men, and is
often elevated in the presence of prostate cancer and other prostale disorders. Although other imaging techniques
such as bone scan, MRI can also help in detecling recurrence but whale body PET-CT imaging in one shot can scan
chest, abdomen including bones o look for cancer recurrance.

Thyroid Cancer, 15 monitored malnly with measurements of serum thyroglobulin, The nest step is whole body
radioioding imaging. Patients with noniodine-avid recurrant thyroid cancer posa a therapeutlc dilamma because they
will not respond to 1311 treatment. In that case 18F-FDG Is taken up by metastatic nonjodine-avid thyroid canceras a
result of a turnor dedifferentiation process, and PET-CT therafore provides important prognostic information.

Conclusion:

Recurrent cancer can pose considerable diagnostic and therapeutic challenges for the oncologic tleam. PET-CT, a
single-step metabolic and structural whole-body Imaging procedure, js balng advocated as a useful tool for early
detection ol cancer recurrence. Tumour markers miay be used to help diagnose cancer, predict and monitor response
to treaiment and determine whather cancer has recurred after treatment. In general, tumour markers alone cannot be
usad o delect cancer recurrence alane, they must be comblned with other Investigations such as PET-CT in order to
decreases \he time lag betwean diagnosis and treatment of relapsing cancer and therefore intreases the chances for
cure of long-term palliation.

L




Utility of Attenuation Corrected and Non Attenuation Corrected images
in Cardiac SPECT/CT study

Ms Priyanka Gupta, AlIMS, New Delhi

MPS has become an Indispensable tool In the assessment of patlents with known or suspected coronary artery
disease, presanling great diagnostic and prognostic ulllity. Although the sensiliyity of cardiac SPECT Is high, the
specificity remains low because of the image arfefacts resulting from the nonuniform reduction of photon activily
caused by altenuation, which causes apparenl parfusion defects. To better discriminale perfusion defects from
artifacts, several methods have been proposed such as integraling findings from gated SPECT, scanning palients in
the prone paosition, and using an external source of iradiation, either a line source ar CT. CT-AC has several
advanlages over extemal radionuclide sources for AC, such ag higher photon flux and hence no influence by cross-
talk from the SPECT radionucltide, no decay of transmisslon source, and shorter scan imas. Use of CT-AC has
demanstrated to increase the specifioity, sensitivity and accuracy of MPS. However, sometimes it may overcorract the
altenuation and cause a decrease in sensitivily of MPS_Also, ifthere is misalignment between SPECT and CT, then |t
becomes a major source of artifact In correcled images. Thus a judiclous use of AC is proposed for better diagnostic
accuracy in MPISPECT/CT. '

"FDG PET/CT Dosimetry using Dynamic PET Scan Protocol

Aruna Kaushik, Abhinav Jaimini, Maria D'Souza, Rajnish Sharma,
Anupam Mondal, Anil Mishra, B.S. Dwarakanath

Institute of Nuclear Medicine and Allied Sciences, Brig. S.K. Mazumdar Marg, Timarpur, Delhi 110054

There Is a growing concem over the radiation exposure of patienis from undergaing 'FDG PETICT (“F-
nuomdaoxyn?lucose positron emission lomography/computed tumngmphy} whole body Investigations. The aim of the
present study was to study the kinetics of "FDG distributions and estimate the radiation dose received by patients
undergoing "FOG whole hody PET/CT investigations,
Dynamic PET scans in different reglons of the body were perormad in 49 patients so as o measure percentage
uptake of 'FDG in brain, liver, spieen. adrenals, kidneys and stomach. The residence time in these organs was
calculated and radiation dose was estimated using OLINDA software. The radiation dose from the CT compenent was
computed using the software CT-Expo and measured using computed tomography dose index {CTDI'I phantom and
Ionization chamber. As per the clinical protocel, the patients were refrained from sating and drinking for a minimum
riod of4 1 prior to the sludy, )

he estimated residence time in males was 0.196 h {brain), 0,08 h (liver), 0.007 h (spleen), 0.0008 h (adrenals), 0.013
b (kidneys) and 0.008 h (stormach) whereas itwas 0.189 h {brain), 0.11 b (liver), 0,01 h (spleen), 0.0007 h (adrenals),
0,02 K (kidnays) and 0,004 1 (stamach] In females. The elfective dose was found 1o be 0.020 mSvIMBq In males and
0,025 mSv/MBqg in femates from Internally administerad “FDG and 8.8 mSv inmales and 7.9 mSv In females from the
CT companent. For an administered activity of 370 MBq of "FDG. the effective dose from PETICT investigations was
estimated to be 14.2 mSv inmales and 17.2 mSv In females.
The piesent results did not demonstrate significant difference i the kinetics of "FDG distribution in mobe and female patients,
The estmuted PET/CT doses wore found 1o be hipher than many other conventional iliugmmiu radiology exnminations
suggesting thit all effors should be made 1o clinically jusify and carefully weigh the risk-benefit ratios prior 10 every "FDG
whole body PET/CT sean

Challenges and Advances in Development of
Medical Countermeasures against Radiation

Madhu Bala, Head, radiation Biology Division, Additional Directar, Institute of Nuclear Medicine and
Allied Sclences, Brig S K Mazumdar Marg, Delhi -110054, email: balad4@gmail.com

Twanty first century can be considered as a century for advanced translational research in radiobiology. Over the past
few decades, there has been tremendous Increase In cur understanding about the biological effects of low as well as
high linear energy transler (LET) radiations. The health effects of radialion are govemed by the type of radiation, dose,
dose rate, duration of exposure and nature of exposure such as inlemal or extarnal. Certain organs and systems such
&s Immune system, hemalopoletic system, gastrointestinal tract are understood to be al greater nsk. In siluations

here large doses (acute) are absarbed, multiple tissues and body cells are affected, the acute radiation syndromes

(ARS)areexperienced. During ARS, either mulliple organ fallure (MOF ) ar multipie organ dysfunction (MODF ) results
leading to death of individuals in days or weeks after the radiation exposure. The ARS has been witnessed in large
papulations during WWII alomic bamb explosions, and mare recently during radiation accidents such as Charnabyl
accidents in year 1986 and Fukushima accidents in year 2011, The manifestation of radiation Injuries is a complex
process. The tissue reaclions appear either early or late afler the absarplion of radiation doses above a threshold limit.
The latency time before manifestation is related to cell turnover rates; structural organization of tisswe and its
proliferative behavior.

Development of medical interventions (o seek protection from radiation Injuries has been of paramount importance on
human mind after WWII. Despits decades of inlense research In this field world over, avalilability of medical
countermaasures for prophylactic vse, which are safe and effective for human use, remains an unmet demand
glabally. although some agents, meant for mitigation and/or Ireatment of radlation Injunes, have reached the
panullimale stages. Undertaking newer goal orentad, research o fill the knowledge gaps and mest Ihe socistal
expectations is important and requires collective wisdom. It calls for refreshing and reinforeing the understanding of

key radistion biology and protection principles. ILalso compels us to revisit the approaches tested so far and dwell on

the concepls arising from newer researches in various allled areas. Some of our recent understandings and
approachesusad in the field of development of medical countermeasures will be highlighted.

Neutron dosimetry by superheated emulsion

Mala Das
‘Saha Institute of Nuclear Physics
1/AF Bidhan nagar, Kolkata 700064
Superheated emulsion detector consisting of the droplets of superheated liguid s & promising neutron detector that
has been using since 1979 [1]. Superheated droplet neutron dosimeter is used for measuring the neutron dose
Ivalent in and d the radiotherapy beam and In pati in the pres of large backg i of photon flux
{three to four orders of magnitude [arger than neutrons) (2],

Superhested emulsion detector consists of the droplet of superheated liguids which undergoes phase Iransitions to
vapour bubbles upen Irradiation with the release ol acoustic waves and thess bubbles as well as the acouslic pulses
are detected for the measurement of the radiation. If the Linear Ensargy Transfer (dE/dx ) by a particle is greater than
critical energy (W) deposition | Whkrg), nucleation ogeurs, where k is the nucleation parameter and re is the critical
radius, The threshold energy for such detector depends on temparature and pressure and the types of the sensilive
liguid used in the detector. Thus the delector can be made insensilive lo gamma rays while being sensitive lo neutrans
by varylng the amblent temperature and pressure of the liquid. This property of the detector makes It a very useful tool
in neutran dose measurement in & strong background of gamma rays. Superheated emulsion detector along with the
requirsd instrumentation has been developed in our laboratory for neulron measuramant.

Out-of-liegld dose measurements in radiotherapy. have been dons with superheated emulsion by the EURADOS
Working Group 9 (WG9), WGS research aims at estimating the risk of second cancer induction due to radiation
therapy [3.4] Pasition sensitive supert 1 emulsion chamber for 3D brachylherapy desimelry has also been
developed [5]. The nsutron ensrgy spectrum has been measured with superneated emulsions by varying the
operating temperaiure and applied pressure. in presence of neutrons generaled by the Pb(y.n)Pb from 45MeV
alectron LINAC at Hokkaido Univarsity, Japan [6]. The neutron bubble detector is so far the only personal neutron
dosimeter satisfying the enargy response criteria af the international Commiltes of Radiation Protection 80 (ICRP 80)
[7]. thas wrred out 1o be a rellable and cosl effective dosimeter for medical applications,

The intrinsio background of the detector makes it less sensitive as a dosimeter. The main intrinsic background-of this
detecior is alpha particles coming from the cantamination of both detector palymer and the active liquid and that
neads lo be investigated. The simulation of the respanse for alphe-particles o superheated emuision delector using
GEANT 3.21 simulation loolkil has been carried out. The simulation is done for 241Am spiked detector where the
contamination is in polymer and 226Ra spiked detector where the contamination is both in the palymer and in the
droplets. In bath cases, the simulation resulls are reasonably well matchad to the exparimental results (8] This result
implies thal the alpha particles is not responsible for the shift of the threshold to lower lemperalure. Unlike 241Am
splked detestor, in case of 226Ra spiked detector various recolling nuclel from the decay chain of 226Ra are presant
inside the droplet and the calculation of LET shows that 208Pb of anergy 146 keV in particular has & higher value of
LET compared to that of alpha-particles, which could trigger nucleation events at a lower threshold temperature. |Lis
abserved from expenment thal the nucleation events due o alpha particles are smaller than thet of neutran for the
droplets of 2-3 pm radil. Therefore, [or neutron detection, mosl of these bachkground evenits due to alpha particles can
bewell separated from neutron signals.
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New Concept of Radiation Burden in Medical Imaging:
Shift from LNT model

Dr Deepanjan Mitra

DNB {Muclear Medicine) MNAMS FASNC Consultant & Head
AMRI Institute of Nuclear Medicine
AMRI Hospltals, Dhakuria, Kolkata

The linear no-threshold modet (LNT) i1s a model used in radiation protection to quantify radiation exposure fofiowing
medical proceduresand thus set regulatary limits. |t assumes that the long term biologlcal damage caused by ionlzing
radiatlon (essentially the cancer risk] is directly proportional to the dose. This allows the summation of all radiation
axposures, withoul considering dose levels or dose rates. In this 70 year old model, radialion is always considared
harmful with no safety threshald. The mode! promotes a liner relationship between radiation exposure and risk of
carcinogenests.

The LNT model was introduced as & concepl to facilllate radiation proiection, But the use of this model led to the claim
that even the smallest dose may initiate carcinogenesisfor instance, from dingnostic x-ray sources. This claimis highly
hypothetical and has resulted in medical, economic, and other socletal harm. There are recent studies being
published in radiation physics and medical journals which have gquestionsd the authenticity and validity of such
models. They have sven highlighted the flawed assumplions of this model leading to "radicphobia™. These studles
have also established the fact that low dose radiation in fact does have some profective benaficial effact in the long
run.

The concepl ol ALARA (5 low 85 reasonably schlevable)is a natural deduction of LNT modet and as shawn by recent
studies this concept too is fatally flawed. focusing only on molecular d; ge ignoring protactive, organismal biclogic
responses.

As g whole the medical imaging community has long remained concerned aboul radiation risk and developsd a
radiophobia-centared, not scientific, approach. The purpose of madical imaging sludies is to provide diagnostic
Information and should be governed by the highest science-based principles and policles. The recent works have
called for ending the radiophobia, This concept neads b be changed and the concepl of LNT-ALARA-radiophobia
needs o be changed, The mindset of the imaging experts and radialion personnel as well as regulalory suthorities
should also change. The image wisely and image gently campaign might have slarted with great intent but they should
not promote radiophobla and suboptimal imaging studles obviating the benefits of medical imaging.

Regulatory Framework for Nuclear Medicine Facility in India

M.K. Pathak
Eastern Regional Regulatory Centre
Atomic Energy Regulatory Board

Introduction

Radloactive materials and the radiation genersting equipment have many applicalions in medicing, industry,
agriculture and research. Radicattive malerials are used either as sealed radioactive sources or unsealed radioactive
sources. One such use of unsealed radioactive source is in nuctear medicing for diagnostio and therapeutic purposa
In nuclear medicine, mostly short-lived radlonuclides |n unsealed form are used. lodine-131 and Technlclum-89m are
used in mare than 90% of the Nuclear Medicine Procedures and Thalium-201 and Ga-67 In very few cases |n india for
diagnostic procedures. Radionuclides such as P-32, 5r-88, Y-90, Re-186 and I-131 are used for therapy procedures.

Single Photon Emisston Computed Tomography (SPECT) and Positron Emission Tomagraphy (PET) scans are the
two mest cammon imaging modalities in nuclear medicine. In nuclear medicine Imaging, radiopharmaceuticals are
taken intravenously or orally, Then, external detectors (gamma cameras) caplure and form Images from the radiation
amitted by the radiopharmaceuticals. This process is unlike & diagnostic X-ray, where exlemnal radiation is passed
through the body 1o form an image. Nuclear medicine scans differ from radiclogy as the emphasis is not on imaging
anatomy but the funetion and for such reason; Uis called a physiclogical imaging modality.

fn view of the polential hazard ‘associated with use of unsealed radioactive sources in nuclear medicing, the

‘procedures related to nuclear medicing need to be controtled by appropriate measures ta ensure that adequate salety

Is provided lo the siaff concemed with nuclear medicine, the palient, the general public as well as the environment. In
order lo enforce the reguiatary contral over the use of radivactive malterials and radiation generating eguipment,
Government of India has promulgated the Alomic Energy Act. Under the pravision of the Act. Radiation Protection
Rules were issued as well as the oompetent autharity was appointed to enforce of the provisions of the Rules.

Principal Legislations For Nuclear Medicine Facility

A. The Atomic Energy Act -1962

The Alomic Engrgy Act, 1962 pravides the basic regulatary framewark for all activities related to atomic energy
programme and e use of lonising radiation in India. Thisis "an Act to provide for the development, control and wse of
atomic energy for the weltare of the people of India and for other peaceful uses and for matter connected with. This
Ach cansists of many sections. Section 16 s related to control over radioactive substances whereas section 17
pertains lo safely related issues involved and |denlifies the areas of coneern and responsibifity far those engaged in
the applications of radiolsolopes and use of radizlion generating plants. Seclions 24, 25 and 26 deal with penallies
prescribing fine, imprisonment, or both, depending on the offerice. Section 27 deals with pawer to appoint the
Gompetent Authority to enforce the rules framed under the provision of the Act. Section 30 deals the power of the
government to make appropriale rules to enforce the provision of the Aot

Rules under the Atomic Energy Act -1962
Under section 30 of the Atomic Energy Act-1262. following rules have been framed for controf of radioactive
substances: _

I} Atomic Energy (\Working of the Mines, Minerals and Handling of Prescribad Substance) Rules, 1984

It} Atomic Energy (Radiation Protection) Rules, 2004

lil} Alomic Energy {Safe Disposal of Radioactive Wastes) Rules, 1987

v} AtomicEnergy (Contral of Irradiation of Food) Rules, 1996

V) Atomic Energy (Factories) Rules, 1996 (under the Factories Act, 1848)

Ghairman, Atomlc Energy Requlatory Board (AERB) is deslgnated as the Competant Autherity to enforce the
above Rules. Chalrman, AERE may issue Surveillance Procedures, Codes, Standards, and Guides which
elaborate the provisions of the Rules for implementalion.




B. Atomic Energy (Radiation Protection) Rules-2004

According 1o Rule 3 of the Atornie Enargy (Radiation Proteation) Rules 2004, a license is required for siting,
daslgn, constrisclion, commissioning, operation and decommissloning of a radialion installation. License may be
in the form of license, authorization or registration based on the hazard potential of the radiation Instaliation. A
license in the form of authorization is reguired for operation ot a nuclear medicine facility. Rule 9 specifies validity.
of the license as five years whereas Rule 10 talks about suspension, modification or withdrawal of the license.

Rule 14 spacifies that radiation symbol and warning sign needs to be displayed conspicuousty and prominently at
various locations of the radiation installation. Accordingly to Rule 15, licenses needs to comply with the dose
limits and other regulatory constraints specified by the competent authority time to time. As per Rule 18,

compelent authority may lssue safely codes and safely standard prescribing various requirements relaled o a
radiation installation. Under rules 19, every employer shall desigrale wilh the approval of the competant
aulhority, a person having appropriate qualification as radiological safety officer (RS0). The responsibilities of the
employer, the licensee and the RSO have been specified inrule 20, 21 and 22 respectively, Responsibilities of the
waorker have been specified in Rule 23, As per Rule 28, in case of diagnostic or therapeutic work using radiation
generaling equipment, sealed or unsealed sources, performance of the eguipmen! needs lo be verified
periodically by appropriate quality assurance tests by the licensee for optimizing medical exposure. Rule 30
provides power far inspection of radiation installations and Rule 31 to investigate, seal or seize radiation
installation or radicaclive material in case of contravention of any of the provisions of the rules. Rule 33 talks
aboul preparation of emergency preparedness plan by the facility.

C. Atomic Energy (Safe Disposal Of Radioactive Waste} Rules- 1987

These Rules are also framed undar Section 30 of the Atomic Energy Act-1962. These Rules cover rastnction on
the disposal of radloactive material without valid Authorisation lssued by the Competent Autherity. As per Rule 15
of the AE (SDRW)-1987, Persons using small amounts of radioisotopes of very short effective half life for medical
purpose may submit their application for aulhcﬂsaﬂnn to dnspose nf radipactive wasle. Any authorised person
may dispose of wastes containing shart lived radiai materizls and contaminated efluents.
in aceordance with the procedures and conditions laid down in tha authonsation.

AERB's Safety Directive Applicable to Nuclear Medicine Facility

I} Directive No. 01/2011

It Is necessary to monitar and cantrol the dose recelved by the radialion workers during the work. It is the
responsitility of the licenses of NM facilities to ansure that the radlation workers of the facility comply with the
dase limits and regulatory constraints as speclfied by the Competent Authority. In exerclse of rule 15 of the Atomic
Enargy (Radiation Protection) Rules, 2004, the Chairman, Alomic Energy Regulatory Beard, being the
Compstent Authority under the sald rules, has issued an order prescribing the dose limits for exposures from
ionising radiations for workers and the members of the public, which needs to be adhered to by the facility. The
directive talks aboul dose limit for cooupational workers, apprentice & trainees and members of the public

ii) Directive No. 02/2011

In-exercise of rule 14(3) of the Atomic Energy (Radiation Protection) Rules, 2004, Chairman, Atomic Energy
Regulatary Board, being the CompetentAuthority under the said rules, has issued

an order preserbing the specifications for the radiation symbol and warning slan. Appropriale radiation symbol
and warning sign rieeds 1o be displayed consplcuously and praminently at various locations afan uclear medicing
facilily.

Safety Document for Nuclear Medicine Facility

AERE has published a Safaly Code for Nuclear Medicine Facilities (AERB Safety Code No. AERB/RF-MEDVSC-2
(Rev. 2), 2011) which stipulates radiation safely requirements in handling radioactive materials far nuclear
medicine applications. The Code covers aspects like gualifications, role and responsibiliies of employer,
licenses, nuclear medicine physician, nuclear ficine technologiest, radiclogical safety officer, radiological
safety requirements; managemeant of radiation emeargencles and accldents. regulalory control, criterla for
discharge of patlents from hospitals and different forms for cansent.

Guidelines for Setting Up of Nuclear Medicine Facility

In Muclear Medicine (NM}, the diagnestic and therapeutic procedures using unsealed radiolsolopes needs lo be
donzonly in a facility approved by the Alomic Enargy Regulatory Board (AERB). The approved nuclear medicine
facility should not be located in the residential building and shall comply with all the regulatory requirements as
specified In the AERB safety code an nuclear medicine faciliies AERB/RF-MED/SC-2 (Rev. 2), 2011,

The various stages of approval of nuclear medicing facility by AERE are given as follows:
1. Bite-and Layout Plan Approval

2, Application for Authorization for Commissloning of the Facility
3. Pre-cammissioning Inspeation.

4. Approval for Commissioning / Routine Operation.

5. Decommissianing.

e- Licensing of Radiation Application (e-LORA) for Nuclear Medicine Facility

AERS has launched & LORA {2 Licensing of Radiation Applications), an-e-governance application system to
facilitate online submission of applications for regulatory consents and establish channel of communication with
AERE for other regulatory requirements. All Muclear Medicine user Institutes are required lo use e-LORA for
oblaining relevant consants and approvals from AERB. '

All the application [orms partaining to various stages of consenting of nuclear medicine facility can be submitted
for approval through web-based application named e-Licensing of Radiation Applications (e-LORA),
General guidelings for regularizing of existing as well as naw nuclear medicine facilities through e-LORA are (i)
registration of the instilute (Ii) General requisite -Geneml details of the facluiy has lo be recorded In the system like
declaration of different lypes of employees and approval of RSO (lil) adding of different instruments conslsting of
measuring, monitonng, safety and QA tools. Information o be provided or approval required through e-LORA for
exlsting and new nuclear medicing facility is as follows:

A. Existing Nuclear Medicine Facility

Already existing Nuclear Medicine facilities have to regularize their Layout Approval and License of the
equipment/ Installation in e-LORA. The following procedure needsto be adopted:

(i) Approval of layout plan

(i) Application for Intimation of avallable equipment (PET/SPECT-CT/Gamma Camera/PET-CT (
High Dose Therapy)

(iii) Applcation for license

(v} Submission of QA/QC report-and radiation survey report

(v) Application for Decommissioning/Disposal

(vi) Application for intimation of Decammissioning/Disposal

B. New Nuclear Medicine Facility

Guldelines for licensing procedures of New Fadilities through e-LORA are as follows:

(i) Approval of layout plan

(i) Intimation of available equipment (PET/SPECT-CT/Gamma Camera/PET-CT/High Dase Therapy)
(ili) Apphcation for source pr

{iv) Intimation of source procurement

(v) Application for license

(vi) Submission of QA/QC report and radiation survey report

{vil) Application for D isslaning/Disposal

(viil} Application far Intimation of Decommissioning/Disposal




Waste Disposal

In India, radioactive waste management is govarned by the Alomic Energy (Safe Disposal of Radioaclive
Wastes) Rules, 1887, G5R-125 issued undar the Atomic Energy Act, 1962. Radicactive wasle needs o be
managed safely becauss |f s hazardous to human health and the envirenment. Through good practices in the
production and use of radionuclides, the amount of waste may be significantly reduced but not fully efiminated.
Radioaclive waste in hospitals may be In solid, liguld, or gaseous form. Moreover, some of the wastes are mixed
with biclogical substances, such as blood and may be infectious: Also, special precautions must be taken for
disposing items: such as needles used for injection, All these aspects must be ac ted for in the planning of
waste lreatment in a haspital,

The main radioisotopes used in hospitais are technetium-89m (Tc-88m), lodine=131([-131), Flourine-18(F-16},
Tritium (H-3) and Carbon-14{C-14). The bulk of the hespital radioactive waste gets genaerated in the department
of Nuclear Medicine, Most of the radioactive wasle Is liguid, with lesser amount of solid and gaseous, Syringes,
needles, cotlon waste, vials, contaminated gloves and absorbent materials are the solid wastes contalning
traces of radioactivity, Clothing and utensils of patients administered high doses of radioisotopes also constitute
the solid radloactive waste material. The radioactive waste should be identified and segregated, Foot operated
waste collection bins with disposable pnlytherm lining should be used for callecting solid radioactive waste and
palythens carboys for liguid wasts Each packags is monllored and labeled for the activily lavel before dis posal.

All the labels on the containers having contaminated radioactive matenal should be removed, defaced prior to
dispasal. There are two main approaches 1o the disposal of radisactive waste. One is characterized as “dilute
and disperse” and the olher as “concentrale and contain” By the "dilute and disperse® concepl, radloaclive
material, in aqueous or gaseous form, is reteased into the envirenment in such a way that the material is diluted
and distributed over g large volume so that the final concentration of radlonuclides is acceptably low, In the
“congentrate and contain” approach, the waste is collected and corverted into a form such that, when placad ina
repository, It will retain the radionuclides until the aclivity has decayed, or at least will ensure that the leakags of
radionuclides from the repository does not give dse to unacceplable concentrations anywhere in the
anvironment. This approach Is always used for longar-lived solid radioactive waste and spent sources, which are
negligible in the PET-CT facility. )

Regulatory Inspection & Periodic Review

According lo Rule 30 of the Alomic Energy (Radiation Protection) Rules, 2004, any person duly suthorized under
sub-section (4} of Section 17 of the Atornic Energy Act, 1962 may, for the purpose of enforcemenl of these rules,
nspect any premses, or radiation installation. In case of new nuclear medicine facilities, pre-commissioning
inspection 15 camied oul {o ensure whether the construction of nuclear medicine facility Is as par the approved
plan, to verify whether all ir provided in the application form for obizining license of commissioning are
correct and wiwether all the facllities for operation are available. The facility may be required to perform the QA
tests as per the NEMA protocal in frant of the AERE inspector during inspection. In addition, routine as well as
surprise regulatory inspeation are also carred out by AERB to physically verify radiological safety status of
nuclear medicine praclices. Facility also needs lo submil safety status report of the facility annually, The same is
reviewed and i any non-compliance is noled, the same Is communicaled o lhe facility for immediale
compliance.

Personnel Monitoring Services & Dose Records

Every stallmember, involved in radialion work, such as radio-pharmacy, radiochemistry, dispensing of radicactivity,
radio-pharmaceutical dose administration, patient Imaging, and others, should be provided with personnel
monitoning sarvices. For availing this facility, one may approach RP and AD, BARC, Anushakti Magar, Mumbal - 400
094, or the respective accredited laboralory in their zone for the service. Presently, four such laboratories are
accredited as given below;

Sl. | Name of Accredited Laboratory States covered

1 |Mis. Avanttec Lab. Private Limited, 78, 7th streel, ground | Andhra Pradesh, Tamil Nadu,
floor, Porur Garden,Phase-1, Chennai, Tamil Nadu, karnataka, Kerala, Puducherry
Pin-6000%5 (Southern Region)

2 | Mis. Renentech Lab. Private Limited, C-108, Synthofine Maharashtra, Gujaral, Rajasthan,
Industrial Estate, Off Aarey Road, Goregaon (E), Mumbai, | Goa (Westarn Region)
Pin-400063 '

3 | Mis. Ultratech Lab, Private limited, Cloth Market, G.E. Road, All other states In the Central,

kumhari, Bhilal, Durg, Chhaltisgarh, Pin- 490042 Marthern and Narth Eastern parts of
the country
4 | Defense Laboratary, Jodhpur All Defense instifutions af he country

Up o date dose records of all the radiation workers needs to be maintained by the facility and Information should be
given 1o the radiation workers about their monitoring results. As per the Directive issusd by the Compelent Authority
vide notification ref. no. CH/AERB/TSD/126/2011/1507 dated April 27, 2011, investigation to ascertain genuineness
of the dose received is done by 8 committee constituted by the Competent Authority, AERS in case dose received by
radialion warkerin a single monitoring period excesd any of the following:

I} The cumulative effective dose over a block of successive five years shail nol exceed 100 mSy
(l.e. average 20 mSy for every yaar of this five yaar biock) and

i) The effeclve dose In any calendar year during a five year block shall not exceed 30 mav.

iif) To investigate over-exposure cases (a) the dose reported in a given manitoring perjod exceeds the (Imit.
That carresponds to 10 mSv and (b) the annual individual doss exceads 30 mSv,

Conclusion

Documents in the form of Act, Rules, Safety Directives, Safety Code etc exist for safe operation of a nuclear medicine
facililty in India. Atomic Energy Regulatory Board (AERB) issues authorization for operation of nuclear medicine
facility after appropriate review and Inspection. The licenses needs lo keep himself updated on the regulatory
requirements and apprise the oo d staffs regarding the same. RS0 has the key role to ensure the radiation
safety in the institution, though the ultimate respansibllity for the same rests with the licensee. Wab based E-
Licensing of Radiation Application (e-LORA) system naeds lo be used fully by the facility for gelting required consent
and also lo submit periodlc status report,

References: 1.  Alomic Energy Act -1982 & Rules framed under the Aot
2. AERB's Directives
3. &-LORA Guidelines for Nuclear Medicine Faaility
4. AERB's Safety Code on Nuciear Medicine Facility
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Bench to bedside experience using the iodine pump protein for
radio-iodine therapy in breast cancer
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Background:

Sodlum ledide Symporter (SLESAS ar NIS) or the lodine pump protein is known for iis crucial role of delivering ladide
ions inside cells primarily in thyroid follicular celis, In recent years, aberranl expression of this protein in breast
malignancles has raised hope of ulllizing this as target candidale of radio-lodine based detection and therapy. Despite
the patential utility of this protein target, its expression and ambiguous cellular localization is found to ba the probable
cause of this pump protein's dis-function, which remained as the main botlleneck for clinical use of this rather simple
targeted therapy approach In breast cancer.

Results:

Challenging this daunting task, we have conducted multi-dimansional studies using in vivo cell and animal model.
First, we have attempted modulation of NIS gene expression and function In BC cells by modulating transcriptional
control switchas of the cells. Our results show that a brief sub-lethal pre-treatment with HDAC inhibitars can
Iimmensely improve the therapeutic efficacy of this endogenous larget upon | exposure in vivo. Significant induction
(P<0.008) of hNIS endogenous mRNA is observed in vells tested with prominence in ER positive cell types. Sidewise,
regulstory roles of cancer relevant transcrption factors such as p53 was studied, which shows for the first time that
NIS based therapy may be more efficaclous in p53 mutan! cases as the wild type p53 suppresses NIS exprassion.
Finally, understanding the mlmceliular trafficking and glycosylation of NIS pratein to improve the functional deficlency
of this proteln, we have developed a unique celiular madel, where the p Is differentially expr d sither on the
-p!asma mambmnq or the cytoplasm. Cluster analysis the gly_l‘maylatlnn specific gRT-PCR profiler array data on 80
gene signalures has helped to identlfy key glycosylation enzyme candidates, which can be targetad lo rectify the
differential expression pattern of these clones.

Conclusion:

Qur In i has blishes that HDACI pre nent ik transori I of NIS as a novel
strategy to lurn radio-iedine therapy efficacious in breast cancer. A clinical pratocol has naw recetved approval for
further feasibllity test In our breast cancer clinic.

Re 188 Lipiodol therapy in inoperable HCC and
hepatic metastases- a work in progress-
Dr Ajit Shinto, KMCH, Coimbatore,India
Hepatocaliular carcinama (HCC) is caused by a malignant transformation of the epithalial cell lining in the hepatocytes and

is the most commen primary liver cancer. Although not very common In the western population, |t still causes >500.000
deaths worldwide annually, making It oneof the top § cancers eatising death . The highest prevalence of HCC in the world is

in Asia, especially China and Southeast Asia. Other regions with high incldence are SubSaharan Africa and Japan. The

incidence of HCC is being increasingly reported in European countries and USAalso , which could ba dugto the increasing
incidence af chronic viral hepatitis and alcohol consumption | bath considered (o be definite risk factors for cirhosis and
HCC Theincidence of HCC is much higher in cirthotic patients, which further decreases the amaount of hepalic reserva in
thess patients and |imits the therapeutic pessihllities. Surgleal intervention, If pessible, elfther by means of hepatectomy or
liver transplantation, is the mainstay of curative treatment. Overall, If the degres of lver dysfunction and the lumor load are
taken into consideration, most patients are noteligible for surgeary.

Oithier locally applicable therapies such as peroutaneous ethanal Injection (PE), radiofrequency ablation (RFA), and trans
arterial aily chemoembolizalion(TOCE) and trans arterial chema or radio -embolization (TAGE /TARE) have proven o be
useful in selected patients and are mainly palligtive in intent or sarve as a bridging strategy in patients awaiting livar
ftransplantation . Multiple reports have proven survival advantages with TACE in well-selected patients and it is considered
as well as approved in the clinical treatment algarithm for Inoperable HCC. Other locally applied treatment modatilies
producing reasonable response rates are the use of lipiodol alone, or loaded with chemotherapeutic agents or radiciabeted
liplodol with a lherapeutic bata emitting lsotope .

Radionuclide therapy provides yat anather interesting option for the treatment of unresectable HCC, as shown by studies
using radionuclides such as lodine-131, yitriurn- 90 microspheres, holmium-166 and rhenium-186 or 188 conjugated to
noclonal antibodies, lipiodsl or chemical

Compounds . For unresectable HCC, hepatic intra-arterial radio conjugates aim to deliver a high radiation dose to the tumor,
while al the same time limiting the radiation dase to normal liver, lung antl bone marrow to within the maximum lolerated dose
This approach is possible because the blood supply to HCG is mainly from the hepatic artery, while normal liver parenchyma
oblaing 80% of its blood supply from the porial vein. ¥-80 laballed glass sphares or micro spheres are commercially available
and have been approved for patient use In many of the developed countries. Howewer, || is very expansive for a palliative
procedure and not practical to use it as standard of care in countries. where thera is no universal insurance coverage and
nts have to pay from personal resources.

Ipiodal lovalizes in hepatic lumors when sdministared via (e hepatic artery. and is retained by HCC for many wesks, while tis

cleared from normal hepatocytes within 7 days .

Overthe last 2 decades. there have been multiple reports of the usa of 1311 and 188Re radio iabelled liplodal for the treatment of
HGC. Consldering the cast, physioal charscteristios and from radiation pratection point of view, 188Re presents several
advantages for radionuclide tharapy compared to 1311, The main problems with 1311 s its long physical half-life of 8.03 d and
emission of a highly energetic gamma- ray of 364 keV &l an abundance of 82%, necessitating delayed hospitalization for
radloprotection purposes. In comparison, 188Re emits @ gamma-ray of 156 keV at an abundance of 16%, which allows for
Imaging and at the same time limits radialion protection problems: The next major factor is the relatively soft beta emission of
1311 which is only 606 ke, whereas, in 188Re, the Beta-parlicles are emilted with a maximal energy of 2.1 MeV. Thus, the
sffectiva range of therapeutic effect with the 188Re Bata-emission |s about 3 fimes longer than that with 1311, which would be
very usaful in lreating Intermediate o large sized tumors, commonly seen In HCC patients. Howsver, the most Influsntial factor,
especially in developing countries, is that 188 Re is eluted from a relatively inexpensive 188W/188Re generator, which has a
lang usetul stielf fife of several months and routinely provides a good yleld of carrier-free 188Re. Further developments in Re
generator technology have introduced new and larger generators which require no post efution concentration and are capable
of producing radicactive concentration of upto 1 Curie in 5-8 mi elutlons -

The first clinical results using 188Re-4-hexadecyl-1-2, 9, 8- tetramethyl-4, 7-diaza-1, 10-decanethiolfipiodal (188Re-HOD/
lipindel} wera reparted by Sundram et al. The radiopharmaceutical was administered as close o the tumor feeding artery as
possible and the lolerancs as well as resulls were very encouraging. In a tial conducted by Lambert et al | a fixed activity of 3.6
GBy 1B8Re-HRDMipiodol was used in patients with well compensated cirrhosis, which again was well tolerated and further
escalation ofthe activity seemed feasible provided a super selective injection lechninue was followed. This was bome out by the
large mullinational, mullllcmf.ncstudy conducted by the IAEA, which had patients treated with 50 -206 mCi (upto 7.4 GByg)ofthe
radio conjugate and showed that 188Ra-lipiodol is a safe and cost-effective method to treat primary HEC via the transartarial
route . In lerms of efficacy, il was considered a good alternate therapeutic approach needing further evaluation by treatment of
larger numbers of patients. At presenl, in KMCH we use selective intra-arterial administration of an emplrically calculated dose
based on tumor valume of the same radio conjugate mentlonad above in the treatment of inoperable or advanced HCC's We
have also developed the therapeutic use of Re 188 to encampass bone pain palliation, joint synovectamy as well as V-DMSA
therapy. We are in the process of initiating S5TR and PSMA labelling enabling Re 188 ta act as the work horse of a tharapeutic
NM programme.

NET management through NM: Fundamentals & Advances

Dr Sandip Basu
Radiation Medicine Centre, BARC, Tata Memaorial Centre Annexe, Parel, Mumbai: 400012
Clinical diagnosis and treatment of the neuroendocrine lumors have undergone a lution with the imp in

radioisotope based diagnostic scan and treatment. Somatostatin receptor imaging and peptide receptor radjmmlidethar:apy
{PRRT) are new intearal parls of NET management. |n several aclive therapy cantres, NET serviee has now developed
almost paralle] lo thyrold carcinoma services. |n this presentation, we shall discuss the fundamentals involved in radionuclide
based diagnosis and therapy. We shall also look at the various mnu_es where Nuclear Medicine imaging & therapies are
playing potentially useful role in combination with standard histopathological grading system in ad ing the sclence of NET
clinical management.

Chemistry in Imaging: Tracers for Hyphenated Imaging Tools

Dr Anil Kumar Mishra, MIRC-INMAS, Brig SK Mazumdar Road, Delhi-1154

akmishraB3@gamil.com

In life imaging, the ongoing efforts to enhance diagnostic accuracy and oplimize treatment stratagies have led us to
designchemical antities loaded with EMR tracers having an excellent physical properties. Mostly, exploited Positron
Emission Tomography (PET) and Computed Tomography (CT) is a hyphenalad Imaging existing for many years. The
high spatial and contrast resolution of magnelic resenance imaging (MRI) and the high sensitivity Jacking with
specificity due to specific contrast agents or chemical shiftimaging agents which is being covered by dasigning novel
tracers(hybrid molecules) combined with molecular information from PET imaging are going to rule the life imaging to




personaliza reatment planning using hyphenated Imaging toots . To create a hybrid contrast agent for PET-MRI
device, a PET radiotracer nesds to be combined with an MR contrast agent: The most commeon approsch is to
develop cocklal molecules having different linkable arms o biological vectors and leading multinuclel without
compromising biological behaviour of entire conjugates, '

The resulting ‘agents offer & wide range of applications, Diagnose disease before structural changes become
delectable with analomical Imaging techniques, patentially improving the understanding of disease al molecular level
leading to prevention of pathology, evaluate suspiclous lesions detecled on othar exams, helping predict whether
those lesions are benign or mallgnant thus improving the prognosis. identlfy distant, occull metastases that may affect
the course of treatment and, therefare, change patient management and hence making it cost effective, in some
cases, replace multiple diagnostic procedures with a single exam, Help predict the patential benefitof planned surgical
praceduras, to eliminate those thal won't benefit the patient, thus significantly reducing the cost of healthcare dellvery
and minimizing unnecessary morbidity for the patisnt. manage palient therapy by monltoring response (o a given
regimen and providing early feedback on its efficacy, helping to reduce or avoid the cost and potential complications of
Insffective treatmeants or unnecessary hospitalization, The alm is to combine high spaual rasoluilcrn. high sensltivity,
maorpholegical and funclional Information. Future prospects Include the use of spacifi letoules and hybrid
multimodal PET-MRI-ullrasound-fluorescence Imaging with the potential to provide overall pre-, intra- and
postoperative patient care.

Dr. Anil Kumar Mishra, PhD
Additional Director MIRC, DRDO, Institute of Nuclear Medicine and Allied Sciences; Delhi
Contact: akmishra@inmas.drdo.in

Team: Molecular imaging and Nuclear Medicine
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+ Molecular Imaging Radioch y

* Specific MR contrast agents
* Optical Imaging agents

* Coordiantion chemistry

* Synihellc chemisiry

+ Radiopharmaceuticals

« Bioconjugate chemistry

Scientific expertise:
+ Design and synthesis ol molecular imaging agents for nan-invasive imaging
Projects:
My research-activity Is-centerad on the development of molecular Imaging agents for MRMNM/aptical imaging lools:
We have been creating molecular imaging agents to identify a motecule that is speaific for & target: iated with the

disease being studied, We labeled these molecules with a radioactive! paramagnetio/fiucrescent substance or athér
modallty thal allows detection by an imaging device. We are heavily invelved in develaping Specific MR Contrast
agents (SCAs)and PET-MR imaging probes for neurnimaging.

Trends in the use of Radionuclides for Radiopharmaceuticals
and their Impact

N. Ramamoorth%
Retiree from BARC/DAE-Mumbai, and from IAEA-Vienna (nramasta@gmail.com)

Extended Abstract - Synopsis

Sustainable services and growth of nuclear medicine (NM) are strangly dependent upon the avallability and
afferdability of the appropriate radispharmaceuticats (RPh), arid In turn, of their constituent radionuclide (RN) As
regards the imaging instrumentation in diagnostic procedures, tomographic imaging is aslablished as the well-
accepted modalltiy, with both SPECT and PET (PET/CT) In extensive use. Since the early days of NM, ™I (8d, b,g; Eg
364 ke products have been |n wide use, and they continue to play vital roles currently tog. The next major impact is
obviously attribulable to ™" Te, which has become an omnlpresant Item in NM cenlres since five decades. Il is common
knowledge that diagnastic imaging in NM has been almost singularly dominated by the use of ™ Tc (6 b, IT decay; Eg
140.5 keV) during 1980s and 1980s - alded by developments In RPh and by the transition fram analog to digital
gamma camearas, supplemented by quantilation capabliity, and later transformation 1o SPECTand SPECT/CT. “Tels
Invariably obtatned from lis precursor RN, “Mo (868 h; b.g; Eg 740 keV), while in recent imes, its direct production in
20-30 MeV proton cyclatrans (using highly nriched Mo target) has been gaining attention. Theeraof ' T| (73 EC
decay; Eg 137 & 165 keV, and X-rays 63-80 kaV) began neary four decades ago, due to the vital need for a good
marker of myocardial parfusion, Its use has however come down considerably during the past two decades, dus to the
use of ™Te products, and In recenl imes, due to the use of also some PET lracers. The growing adoption of PET
imaging and wide use of PET tracers, mainly "F (110 min; 511 keV annihilation radistion) products, marked another
Impartant trend, mainly beyand the yaar 2000. The Increasing use of medioal cyclotran produced arganic PET tracers
has also led to the demand for the use of olher PET tracers - mostly metallic RN - such as, “Ga, “Cu. "Zr amaong others

-"Ga is obtained from *Ge-"Ga ganarator (68 min; 511 keV annlhilation radiation). “Cu {12 4 b; 511 keV annihilation
radiation) can be produced in radical cyclotrons as well asin reactors.

Meanwhile, RN therapy (RNT) has also been growing In parallel, moving beyand ™1, “F (14,3 d; b), Pure beta emittars
as well g5 beta-gamma emitters have contributed to the growth of RNT, starting from “Sr (50'd; b 1.6 MeV) uzed far
metastatic bone pain paliiation, and its alternate, “'Sm {46.5 h; Eb 0.8 MeV, Eg keV 103 (28%)) as phosphonate
complex (Sm-EDTMP), and its "'Lu analog {Lu-EDTMP) in more recent times. The subsequent antry of the alpha
emitter ““Ra (1.4 d; Ea 5.78 MeV, Eg keV/ 269 (13.6%), 154 (8%, 324 (3.9%)) as RaCl, for usa In RNT of bane
metastases, following very significant clinical findings of lls high efficacy, marks yel another major impactaf RN-RPh in
NM. Above all, the RN pairof “'Lu (6.7 d; Eb 0.6 MaV, Eg keV 208 (11%), 113 (%)) and “Y (66 h: b2.27 MeV) have
attracted much attention for use in a variety of RNT procedures, especially in targeted therapy, llke receptor based
procedures called PRRT using sultable peplides, They will remain relevant in Indian context due to evident scope far
thelr indigenous acesssibllity. The use of ™''Re has been also doing the rounds In limited number of NM centres, dus
ta similarity of chemistry with T products, while their sustainable, affordabie availabilily will remain debatabile.

AAs these trands have emerged, there has been a strong rearlentation to addressing the associated physico-chemical

aspects of the RN products. The long-standing mind-sel due to 140 o 364 keV emissions belng the common ones in
NM centres - be it for Imaging sspests, or from shieiding point of view. or for radioaclive waste management, or for
tackling accidental situations due to radipactive contamination (during technical operations and/or coming from (sick)
palients) - had to undergo a paradigm-shift with 511 keV emissions of PET tracers, and relatlively longer-lived RN in
mush large quantities used in RNT, Furthermaore, PET tracers ushered in the era of hospital-based medical cyclotrans
In severat centres, and in turn, shifting RN pmducuon fole, and altsndant respansibllity, to end-user entity (¢f. handling
by commercial suppliers, professional service providers). Due to the very shart hall-life of most PET tracers in regular
use, considerable decay losses ara Inevitable, apar from the much higher radiation dose burden during handling and
transport. In addition, [n RNT, the use of low-abundance gamma emitting RN like “'Sm, ""Lu etc. warrants additional
considerations, compared to the case with pure beta emitters like “P, “Sr. “Y. While most of the RNT procedures of
early days involved oral administration (of mostly "'l solution or capsules), the subseguent trends have moved over to

systemic administration (Including slow infusion in the case of MIBG-"l), local Instilation (eg. for radio-

synovectomy), ete. It is also known that certain long-lived RM traces would be invariably present (within permissible
levals) in some therapeutic RN - &.g. """Lu (180.4 d) in ""Lu; "Eu (B.6 y)in ™'Sm - due to their Inevitable, cancomitant
production during reactor irradiation. This adds to the complexity in waste management. Thus, many NM procedures
would pose challenges to the MM team tasked with ensuring safe and efficacicus administration of RPh 1o the pallents,
as well as for the overall management of patients, NM premises and the enviranment, cailing for greater care and vigil
by all stakeholders.

The multi-disclplinary teams af NM centres have been addressing well, by and large, &l the ahove aspecls and




The mulb-disciplinary teams of NM centres have been addressing well, by and large. all the above aspects and
changing trends over the years. The teaching and training of human resources (HR) have also correspondingly
changed, with conlemporary lopics being pariodically brought In to the curriculum in most institutions. The
professionals and technologists quallfied (n NMin the earier years have also by and large adapted themselves well to
the changes, thanks to both formal and Informal training and leaming exposures available to the ones sseking them. In
this context, the role of continuing (medical) education and training of physicians; physicists, radiopharmacists, ete.
assumea greater significance, as this would be a regular requirement than being an exception, Professional bodies
sugh as [CNM, SNM({1) and its Chaptsrs, ANMPI, NMPAI ete. can, and should, play an effective role towards this
purpose. As NM strives to deliver its best for the benefit of patients, surely there will be {urther smerging trends in NM,
and the continuing growth of products and procedures in NM will keep impacting the field and the associated
persannel - both technical practices & procedures and patient benefits - more and more in the years to come.

Functionalizing Superparamagnetic Iron Oxide Nano Particles for
Non-invasive imaging and Temozolomide Therapy
Against Glioblastoma Xenograft

Bola Sadashiva Satish Rao
Department of Radiation Biology & Toxicology, School of Life Sciences,
Manipal University, Manipal, India, Correspondence: rao.satish@manipal.edu

Abstract:

Treatmen for malignant gliomas are reéstricted by enormous challenges due to the highly invasive nature of glioma
and Its complex microenvironment Further the passage of therapeutic drugs via blood brain barrier | blood brain
tumaor barrier and complexities in dalivery of therapeulic agents specifically to the tumar cells and drug resistance
contributes lo poor prognosis. Nano-riggers based imaging and therapeutic agants are baing functionalized far
noninvasive imaging and 1o deilver versallle payloads capltailzing on the molecular and cellular properties for
enhanced specificity, efficacy and safety. Our study formulated a lemozolomide based polymerc magnetie
nanocomposite with efficacious targated delivery to the tumor in an orthotopic glioblastoma tumor model in nuda mice.
Multifunctional palymeric magnetite nanoparticles were engineered with an anticancer drug (Temozolomide) by a
ligand transferrin / polysarbate-80 Lo cross the blood brain barrigralong with an additional glioma cell surface largeling
by anti-nestin antibody. Upon pastdetermination of their stability, these nanocomposites and pure temozolomide were
radio labeled with " Te using stannous chioride as a reducing agent. A comparative evaluation of bio-distribution of
these drugs was carried oul using SPECT { CT imaging. The results of bio-distribution demonstrated a significantly
langer retention o ™ Tc labeled nano-trigger al the site of tumor. Further, tumor response as visualized by CT scan and
validated by immunohistochemistry for prollferation markers Indicated enhanced regression of intra-cerebral tumior In
both the formulations. We conclude that ™" Te labelled multifunctional temezolomide nanocomposite engineered far
specific lumor largeting was useful nol anly forimaging but also asa platform of efficient drug delivery which may have
s dirgct clinical implications.

Acknowledgements: Dr. K Sﬁ!yam mrlhy The Director, School of Life Sclences and Manipal University for providing
the research facilitiesis g yacknowledged.

"Is Ga 68 a potential "Tc 99m" of PET Radiopharmacy ?"

Indira V Upadhya, Senior Nuclear Medicine Technologist, Department of Nuclear Medicine
& PET CT , Kovai Medical Center and Hospital, Coimbatore, Tamil Nadu,India

Why the Comparison ?

Ga 68, a generator produced positron emitter, atiracts the attention of all those PET users, who have to rely on the
outsourced supply of Warkhorse PET radiopharmaceutical; 18Fluarodeoxyglucase , to.run the PET CT section of
the Nuclear Medicine Department..

This generator produced Radionuclide ,with In house labelling possibilities |, at first instance . gives a relief,
equivalentto that of @9mTefor Methoxy lsebutyl isonitrile (Tetrofosmin myocardial agents , which almost washed out
the need of cyclotron producad 201 Thallous chloride

This comparison of Ga 68 and Te 89m as Positror emilting and Single photan emitting  radic
could facilitate our understanding of Ga 68 procedures with respect to the feasibility, radiation safaty, usar Fnendlmess
and finally, applicability In the field of Nuclear Medicing

Ga 68 Vs “Imaging Workhorse: Tc 99m

Physical Characteristics :

S1No Characteristic 262" 43lc el
1 Decay mode #9% Positron emission 11% Isomeric transition
Electron Capture
2 Energy emission ;
gy, 1899(88%), 822 (1%) -
Gamma & X Ray a11 Kev (178%) 140 Kev
1077 Kev (3%)
Others (1%)
3 Physical Hall life 143 hrs f hrs
4 Gamma Constant 8710 7 12x 107
mrem/hrimCi &l 1m i
5 Specific activity Cilg 4.1x10° - 53x10°
5 Daughter product Stable :Zn alc o Befaminus-2.1x 10"
y1s-Typh aRU™

sy

It can be very well appreciated fram the tahle of Comparisan that both | Ga " and | Tc **" are short lived and the
daughter radionuclide is actually stable «Zn" asan edge over ,Te " far Its PET counterpart.

Production Mode : Both the radianuclides.  Ga*and ,Te'™" are generator produced and hence, can be boasted of
for their avallability,

| SINo | Features For3Ga " genarator For ol
1 Parent radionuclide e EMqF
2 Physical characteristics of
Parent radionuclide
Decay mode Electron capture (100%) Beta minus/Gamma
T2 270.95 days 27 days
Beta/Gamma Kev — /KX -936 1.214 Me\/(740,778 KeV
3 Production of parent Cyelotron Zn Reactor/Figsion
4 Type of Equilibrium Secular Translent
5 Adsorption column * Inarganic TIO  2'0rganic Silica Alumina
based as per the supplier
G Eluent ** HCI (0.05 -IN concentration as Saline
per the suppller )
7 Shelf Life 1 yr (Practical : 4 months) * 2 weeks

*{Far organic eolumn, used in our depariment. As per the manufaciurer's information (13 ) the  shelf life js 1
yr or 250 elutions of 4ml eluent each, whichever is reached firat)
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It can be seen that the long lived parent, . Ge ™, along with the features of secular equilibrium with its daughter
Gallium, makes the generator more user friendly and longer lived than Mo 98-To 89m genarator.

However, practically it has been found that Gallium generator deleriorates with respect to efficiency As for Gallium
Generator, after cerfain elutions, the parent radic lide gets o i from the column{mostly organic) and the
usahle ,Ga ” yield starts from the mid fraction espacially for the inorganic columns (lo avoid the metallic impurities,
that can adversely affect the radlolabeling) and fractional elution Is mandatory as against 29mTo which is usable right
from the first ml of eluate.

“f** - as shown in the following diagram

01 N HCl

0.0 % 0O p— 55 N HO)
| ['lu\lﬂl I—.D‘\Illl
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o004 N EDTA —|
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Ref. Roesch, "Current Radiopharmaceuticats™ 2012

ﬁL Feature #Ga® e
1 Group 13 7 d block
2 Relative Lightest member of Group 13 Lightest radioisotope
weight ]
3 | Electronic 152 252 2p6 3s2 306 3d10 452 152,252, 2p6 352 3p6
configuration 4o1. 3d10 4s2 4d5 552
4 Oxidation state | #3 <10 +7
5 Chemical form | Gallium trichloride GaCl3 in dimer farm Sodium pertechnetate
that is Ga C1) Na'(Tc04)
6 Co-ordination Diamagnetic analogue to Fe +3 | Analogues to lodide ion
chemistry compounds
7 Shape Biletrahedral | Tetrahedral
8 Reactivity Lewis acid (electron acceplor) Reactive in reduced
forms lower than +7
oxidation state (+4 /45
| mastly )
aQ lonic form Cationic Ga*™ | Anionic TeO4
10 Solubility Gallium trichloride dissolves In virtually all | Pertechnetate dissolves
solvents, alkanes too {unusual for metal in agueous form: saline
halides)

Radiolabeling :

The quality of , Ga " Radiolabelling is drastically affected by
» pH of the reaction mixlure and
« presence of melallic impurities llke Fe, Zn

Other factors to be maintained , like ,Tc ™" labeling are :
* Regclion lemperalure and time

The commanly labelled , Ga™ were Dotatocand PSMA 11, ("wet’ chemistry} which have been usually successful |
till the Generalor is around 4 months old, Later on amount of Dolatoc needed per labeling procedure should be
increased (doubled) to get an acceptable quality of labelling, (>90% Radiochemlcal impurity with 50% acetonitrile
and ITLC 5G as mobile and static phases respectively)

Short half ife becomes a very challenging issue, especially o mainiain the optimum reaction time and patient
scheduling along with the completion of Quality check of the radiopharmaceutical.

The reaction time can be reduced from 10 minutes to 1 minute, if the uniform microwave heating can be standardized
In the labaratory.

JTe™ labaling depends upon

» The presence of oxygen

« [Reducing agent] (ganerally SnCI2)
which is riot an issue in ,Ga" labeling.
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Ga 68 PSMA 11 scan Ga 68 Dotanoc scan

We have performed 122 scans of Ga 68 Dotarp's and 61 cases of Ga 68 PSMA 11 in the year 2016

Safety Considerations :

Ref : European Journal Nuclear Med Imaging 2012

o Body dose®due | Skin Skin dose” due to Lead Lead
HEIS to point source dose®due to | contamination with | shielding shielding
in air contact with 50 pl on {mm) {mm)
[mSv.m¥{GBq.h}] | 5-mlsyringe | 1 e [mSwi{kBq.h)]
To reduce To reduce
[mSvi{MBg.h)]
to 112 to 1110
aTe ™ | 002168 0.354 0.00877 03 1
31Gam 0.1580 34 1:256 L] 17




Obviously the positran emiiter loses to , Te ™ in this conlext, however, it has to be noted hal the doses handled are
much lesser than those of the single photorn-emitter and t1/2 is only 68 minutes which shartens it effective time of
staying hazardous,

Management of waste ganerated © especially Generators

The long shelf life of the long lived Ge 68 generalor raises concem with respect o waste management,

Volatility of Ge Cld should be keptin mind & precautions to prevent the contamination of surmaunding must be taken (>
100 days 11/2 lang |lved wastz),

The waste and storage expenses dapend upon the radioactivity amountand container size.
ltwould take 10 years for the loaded radloactivity of a commonly used 50 mCi Generator to decay to- the amount of <1
MBq that would allow the disposal as regular waste.

Hence recycling of this costly Ge 68 generator, by the manufaclurers could be an answer to the environmental burden,
sustainability and economy,

Cost effectivity :

costof ,Ga ™ labeling procedures Is mostly determined by the cost of the
« Gensarator
* Usage Synthesis (automation) module to label the pharmaceuticats/manual labeling.
= Cost of the kitreagents

While ,Tc ™" generator is bouaht every week, .Ga ™ generator, with a longar shelf life makes it mare cost effective in this aspeat.

ﬁ'o_ Factors +Ga™ P

1 Cost of Generator INR 18-23,00000 50-55,000

2 | Costof Synthesis module INR 40,00000 -

3 | Cost of Cold kits INR 50,000 4-5000

5 | Number of Operators needed 12 1-2

6 Time 45 minutes 10-45 minutes
Conclusion :

Finally, the question, “ls ,Ga ™ .a ,Te™ of PET radiopharmacy 7" can be answered afllrmatively, as no other
generator produced PET radiopharmaceutical has been studied for its utility value and even applied as ,Ga "', after
P

o
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Role of 188W/188Re Generator in Nuclear Medicine

Radhakrishnan ER,
Department of Nuclear Medicine
Kovai Medical Center and Hospital, Coimbatore

Introduction:-
Dependable radionuclide supply/avaitability s & crucial issue for the development radiophatmaceulical elther in the
case of diagniostic or therapeutic. Radionuclides are directly produced in either accelerators or research reactors

An alternative delivery mechanism |s the use of an in-house radicisotope generator system, in which a secondary
radioisotope s formed by radinautive decay and fs: separated from the primary produced radioisotope parent

The advantagas of an in-house radionuclide generator system is that availability of disgnastic and therapeutic
radi lide dellvery ond

A variety of diagnostic radionuclide are (ndireclly available from such generator systems, such as 99mTc oblained
from the B9Mo/39m Te generator, 68 Ga from 68 Ge/68Ga ganarator ete.

Far therapeutic applications, 80Y is obtained from 2 90S1/90Y generator and 188Re fram an 18BW/188Ra ganerator,

b = ]
The reasans for a greal interest in the dlinical use of e hog Aoy
188Re iz because of s rouline no-carrier-added AT, e i)
avallabllity from the Jong shelf-life generator, the
amission of the enernetic 2,12 MeV bela particle, the T -

amission of a 155 ke (15%) gamma photon for ima In i e W o
and the versallle radio-chemistry similar lo that of '-: . J
for tagging of to & varnety of I:argaling U'larapeuﬁc: 100

"'“-"-*ﬂ!nuslng. slve dellvery sir
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Erweny (b}

Tungsten-188/Rhenium-188 Generator (188W/188Re )

The 188W/188Re generalor provides a convenlent in-house radionuclide praduction system in which 188Re tan be
conveniently obtained on demand by elution with 0.9 % m saline solution.

Tungsten-188 (T1/2 =69 dsys) is reactor produced, and following
processing, the generalor is fabricated by the adsarption of Tungstic acid on
acid washed alumina similar to that of 990Mo in the case of 99Ma/88mTo
generalor

Elution of the Generatora

The convenient Lse of the genarator system to oblain dally elulions of 188Re
is possible. Following removal of the avallabie 188Re, aboul 82% of the
equilibrium levels of 188Re is available after 24 h as shown in the figure

The grealest banefit of daily elution is to oblain high activity levels of the
Iherapeutic 188Re radionudiide. After 96 h the growth of 188Re almost
salurated and maximum growth is expected a1 120 hsince last elution

The 1BBW/1BBRe generalor Is similar lo other adsorplion type generalor system, such as the 99Mo/39mTe and the
daughtar are conveniently d n the radio-ph y by slmiple elution with 0.9% Normai Saline.

Farbetter radlanuclide  concantration fractianal elution may carrled out instead of complete elution,

The above figure demonstrates the elution profile of the 188W/188Re TG generator




The generator has got one inlet of eluent supply (usually physiological saline), and the exit port to collect the carrier
free 188Re saline. Yiald of the elutionis approximalely 76 to 85% for [T G generatar.

The generator should be aperated under dry mode, Le, saline should be completely remeved from the column afler
sach elution. If itis not totatly dried up the radio labeling efficizncy may come down.

Sheltlife of the generator Is usually B months from the date of manufacture; it may vary for different manufactures.

Rhenium-188 Radiolabeling Chemistry:-

Since 188Re belongs lo the same group (7" transition metals) the chemical properties are sarme as that of 89m T, The
radiochemical methads o intraduce 99mTe inte diagnostic agents can lly be used to as a framework in the
preparation of logs agents radiolabeled with 188Re for therapeutic appllca!ions However the raactivity of 188Re
has been faund ta b | Iasser than thatof 89mTe, which demands heating.

Radiation Protection:

The generator is self-shielded lead and additional shizlding may be required depanding up on the strength of the
‘generalor. We found that for 11 188W/1BBRe generator required additional lead shiglding to bring the radiation level
tothe permissible limil.

Additional Perspesx shielding is required to-cul down the beta as well the bremsstrahlung radiation from the
1BBRe, even though the specific gamma ray constant Is 3 times lesser that that of 99m Tc, Perspex syringe
shiglds may usad whenaver feasible

Disposal of the Generator:-

As {he half-life of 188W (s much higher comparad to 99Mo, the generalors have to be stored adequate time before
disposing. For example & 500mC| 188W/18BRe generator need to be stored for al least 3.5 years before actually
disposed.
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2014
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Current GMP & its Implementation in Hospital Radiopharmacy
Sneha Mithun, Tata Memarial Hospital, Mumbai
Good Manufacturing Practices (GMP) comprises of everything that has a bearing on quality of the end product,

Implementation of GMP ensures the quality and effectiveness of the product. The steps involved |n the manufacturing
ol any product can be sssentially classilled as follows

Fig. 1 Classification of steps involved in-a manufacturing process

Fig .2 Flowchart showing components that comprise a good quality management system

Good Manufacluring Praclices along with Quallty Control together constiute the Quality Managemenl system, As
shown inFig. 1, GMP in aradiopharmaceutical production involves

Input
» Personnel and Resources
« Equipment and facilities

Process
* Freparation
* Process Controls

Output

* Finished Radiopharmaceutical Controls and Acceplance Criteria
* Dispensing

* Distribution

Verification

* Quality assurance

* Documentation and Record keeping
* Self inspection

+ Camplaint Handling

The preparation of radiopharmaceuticals for injection not.only invalvas regulations on radiation protection but also
those for worklng under aseptic conditions. Since a radlopharmaceutical Is considered potentially hazardous dus to
the radinactive tag altached to It, specific radiation safely aspectz need lo be considered while handling them. At the
same lime since the preparations in a radiopharmacy will be adminisiered Internally to a patient, necessary biological
safety aspacts in order lo ensure a safe product should also be given due consideration. itis therefore essential to
have a quallly management system that takes a holistic approach while ensuring good practise.

It is important thal several parameters be considered, addressed as well as verilied, prior to, during and sfler
completion of the process llke-

Personnel and Resources: |l s impartant o employ trained and qualified personnel and also ensure continuous
updation of their training and knowledge in relevant subjects. I is also necessary to demarcate sufficient space for the
facility. Personnel safety (radiation as well as biological} is should be ensured.




Equipment and facilities: Il |s necessary to have dedicated and seif-contained facilities for handling of
radior Is. Itis rec ded by the current good radiopharmacy practiss {(¢GRPP) guldalines o use
clean raoms or laminar flow work areas and fume hoods where refevant. It alsa gives clear recommendations about
the air quality within the clean room or laminar flow workbench as per the European Union classification, The asceptic
workstation should be cleaned al appropriate intervals and timely microbial monitoring should be oarried oul

Preparation and Process Controls: |t is recommendead to use controlled matenals and approved procedures along
with qualified equipment. Timely validation of processes and analytical methods by preparing standard operating
procedures also ensures end quality. Visual inspection of all malarials, \heir use within declared shelfl life, disinfection
of vials before use, identification of all containers and radiopharmaceutical preparations including the lead shields with
properlabeling is essential.

Finished Radioph itical Controls and A F Criteria, Dispensing and Distribution: Adherence to
OC rnonngraphs and lis valldation before release of each preparation, dispensing of radlopharmaceutical dose with
respect to patients age and weight and specified examination should be ensured. For distribution of
radiopharmaceuticals proper packaging and transportation regulation specified by the competent authority should be
adhered lo.

Quality assurance: It is ezsential to setup a quality assurance unit comprising of atleas! two personnel involved in the
entire process, This unit should ensure that the RP's are designed and prepared properly, They should ensure that the
preparation and control operations are clearly specified and implemented in aocordance with the principles of the
cGRPP. This unit should also ensure quality control and timely calibralion of the instruments and equipments involved
in the processas. A system of pianned preventive maintenance and calibration should be insitu and praper log and
records of the same should be maintalined.

Documentation and Record keeping: A complete, relevant, sequential and systemalic documentation to ensure
traceability of raw material/ resource and each preparation is essential. Written instructions, standard operating
procedures and quality control monographs should be maintained after approval and relssued every 2years. Records
of purchase and chack on arrival of all resources and equipmants including RA products should be maintained.
Records of all processes carried out during the preparation, quality assurance and audit should be maintained for the
feaally required period.

Selfinspection: Timely intemal audits of practices, procedures, personniel, equipment and records should be carried
oub.

Complaint Handling: Through good documentation and proper traceability of product preparation it will be poessible
lo Identify relevant (ssues or complaints. Any fallure of the preparation should be subject to audit and recorded for
future referance.

Thus, through a continuous process of teamed effort and following current good radlopharmaceutical practise
guidelines, it s possible to ensure good quality product consistently.

Journey of Radiation in Healthcare

A.K. Kohli
Raja Ramanna Feallow, Department of Alomic Energy

Introduction

lenizing radiation is 2 very slrangs phisical agent which can both kill and cure. The story of radiation had started more
tharn a century ago in 1886 with the discovery of X-rays. |is journsy in healthcars also bagan thereafter. Discovery of
radicactivity and separation of nalural radioisotopes such as radium and subsequent production of radicisotopes in
reactors pave a different dimension o s use In healthcare. Lol of developments have taken place n this field
subsequanlly and now radiation is inssparable par of various therapeulic, palliative and diagnostic prooedures and It
is difficult to visuatise medicat healthcara without it

Initial Discovery Phase
The jeumney was begun by German Professor, William Conrad Roentgen who while exparimenting with cathode ray
lube noticed a faint glow. This glow was not able to be stopped by thick black paper and could affect luorescent screen

despita objects lying In the way. He could make oul that some unknown rays were penatrating the sofid objects which
hetermed as X-rays. Afew days later, Roentgen made a photographic image of his wife's hand using the new rays fora
permanant record. It was this skeletal hand that captured the imagination of the physiclans recognizing thal this
discovery could change medical praclice forever, Ha published a paper on the subject, “Ona new kind of rays" ina local
Journat in 1885, This was rapidly picked up in scientific croles. A professor al MeGlll University in Montreal replicated
thisexparimant soon after.

As | recorded, a person had gota bullet shol in his leg during that period. His doctor on leaming aboul the discovery of
new kind of rays asked for an image of the patient's leg. Aftar 45 min. expesure, he got-an Image which was good
anough to know the location of the bullet to enable its removal. This prevented possible amputation of the patient's leg
This incident had happened just after & weehks of Roentgen's discavery
In 1896, Franch scientist Henri Becquerel's discovered thal that some uranium salts also gave off similar effect on the
fluorescent screen. Through further experimentation, he came to recognize that it was the material lisell that gave off
the rays signalling the birth of radicactivity. Although it was Henri Becquersel who discovered the phenomenon, it was
his doctoral student, Marie Curie. who named it: radicactivity afterwards. In 1888, Marie Curie and her husband
showed thal uranium ore contained at least two substances which were more radicactive than uranium itself, both
previously unknown te scienceradium and polonium,

Little Action Period

Even aller recognising its huge polential, the discovery of X-rays and radioactivily did not make much jmpact an
medical practice for almost two decades. One of the reasons was unavailability of high voltage sources for generalion
of X-rays for good guality images and the other reason was high costs involved in separation of rmadium, In 1913,
Coolidge designed high vacuum X-ray tube that could serve as an intense and reliable source. This enabled
Intreduction of X-ray equipmant in military hospltals for location of bullets which were embedded in the soldier bodies
during World War-l to help in their removat-and lor taking chest X-rays for diagnosing tuberculosis eto. Mora high
voltage sources were |ater developad in 19305 paving way for proliferation of suoh equipmant at other places which
mads the lechnique papular,

Ignorance and Misconception Phase

The paraliel discoveries of X-rays and radioactivity inttiated their use in healthcare: But there was no concern at that
time about the hazardous consequences that could ocour from the excesslve use of these rays. No ane knew that
these rays could be harmful because of generally slow onsel of symptoms, Shoe-fitting fluoroscopes. sold under the
names X-ray Shoe Fitter, Pedoscope and Fool-o-scope, were introduced in the United States, Canada, UK, Germany
and Switzerand in 19205 to provide best possible fitand for longer-fasting shoes without knowing that this resulted in
unnecessary radiation dose which could be harmful, In fact, many people belleved that exposure to radicactivity might
be beneficial. This misconcaption in public tater resulted in quackery,

Radioactive Quackery

This was a phase when some commercial companies starled explofting the wrong faith in beneficlal effects of
radioactivity for therapeutic effects. There was no basis of claiming beneficial heallh effects. Radinactive waler
suddenly became a rage: It was belleved to provide vigour. Radium pendants wers used for trealing rheumalism.
Uranium blankets were usad for halping arthitis fdden patients. Thorium based medicines were used for halping in
digestion. Many brands af loathpaste were laced with radicactive subslances that were claimed to make teeth shine
whiter. Such was the beliefl that ang company selling radioactive waler even offered prize to anyones who could prove
that its water did not contain the amount of radium It was claiming in it This wenton til late 30s before the discovery of
nuclaar fission and emergance of hazardous effects of extreme dosesof radiation received by various persons

Radiation Hazard Realization

Wilhelm Roantgen, who discovered X-rays, had a hunch that X-rays might be dangerous, though he didn’t quite know
why. Roentgen had trusted his instincts and lived 1o a ripe old age. But that was not the case with Marie Curie. The
Curias used to handle radiation without any protection. Pierre had died in a road accident at an early age. But Marnie
had died of aplastic anaemia in 1234 and many of her ilems left behind were highly radioaclive. Thera was a concem
that her skeieton might be radioactive in the grave in which sha was buried.

One of the first major events which brought to limetight the dangers of ionizing radiation was the case of the girls whe
used to paint walch dials with radlum. Al that time, there was suspicion of the hazardous effects of radiation but the
walch company did nol take precautions. Girls used to lick the radlum laden brushes to properly shape them, This
caused radiation sickness resulting In some deaths also. Some of the workers later sued the company which brought
the health nsks of radiation exposure in to public attention.

s




Radioactive water and all other such products also had their victims. Radioactive water had dlaimed life of one of the
wall-known [ndustrialist Eben Byars of that time who used o drink 3 boltles a day. Byers died In 1832 and inspired Wall
Sirget Journal headling, "The Radium Water worked fine until his jaw came off”. This dealh prompted newly formed
US-FDA lo crackdown on radicactive health products insisting on proof of their safety and effectiveness. The era of
radioactive quackery eventually went to the grave with Eben Byers.

Radiotherapy for Destruction of Cancerous Cells

Radiation in form of Radiotherapy both tsletherapy as well as brachytherapy for destruction of cancerous tissues had
started early. It started with use of radium. Earfigst machine used only 2 gm of radium and was called Radium Howitzer.
Then with higher availability of radium, Radium Bomb using 10 gm of radium were introduced. However, difficullies of
continuing with radium were realised and it was desired 1o have an arificial adiclsotope to replace radium.
Teleradiums were raplaced by Telecobalts. Number of developments took place in Telecoballs to avoid irradiation of
healthy tissues. Brachytherapy equipment also went through lot of improvements. Use of X-ray for radiotherapy had
alsa begun sometime after Introduction of radiolsotope based teletherapy,

Turnaround with Manmade Radioisotopes & Radionuclide Imaging.

John H. Lawrerce, made the first clinical therapeutic application of an artificial radionuclide when he used “P 1o treat
leukemiain 1936, Then in 1946, Oak Ridge National Laboratory produced radiolsolopes in a reactor for the first time
for medical use to facilitste more detailed investigations. Commercial availability of radiopharmaceuticals started in
1950. The US-FDA approved sodium |odide 1-131 for use with thyraid patients. Il was the first FDA-approved
radlapharmaceutical, '

In 19568, Hal Anger invented the "scintilation camera.” an imaging device that made it possible to condect dynamic
studies and with (hat started Single Photon Computed Tomography{SPECT ) technigue which want an to revolutionise
the medical functional Imaging modality, SPECT can be used to complement any gamma imaging study, where a trug
3D representation can be helpful, e.9.. tumour imaging, infection (leukocyte) imaging, thyrold imaging or bone
saintinrephy.

Because SPECT parmits accurate localisation in 30 space. |t can be used o provide information aboul localised
function in internal organs: such as cardiac or brain.

Radiolabelled biomolecules got introduced which have helped In understanding the phenomena happening and have
made a great contribution in drug discovery.

Rosalyn Yalow invenled lhe technigue of radioimmunoassay to detect insulin antibodies in human serum. Later kits
gol developed for so many ather biological compolnds faor their accurate determination and this technique continues to
be considerad s gold standard,

Further Innovations with X-rays

Radiation in form of Radiotherapy had become inseparable part of procedures for cancer care both in form of
teletherapy as well as brachylherapy, More developments took place on radioisotope based extsrnal beam
radiatherapy. Teleradiums were replaced by Telecobalts, Number of developments took place |n Telecabalts to avoid
irradiation of healthy tissues which Included IMRT and multi-leal collimator. Brachytherapy eguipment alsa wenl
through lot af impr - Bul, it did not slop at this. Developments had taken place in accelerator technology front
which brought about introduction of LINACSs.

Use ol X-ray has arown beyond raciography foranatomical defects. Mammography. Bone Densit try, Angicgraphy
eta. which are based on X-ray have become integral part of various investigative modalities, Mobile C-arm imaging
device Inwhich there is an X-ray source on one side and a detectoron the other side, also became commen. [tprovides
high resolulion Images In real time thus allowing physician lo monlter progress at any time. In X-ray assisied
interventional radiclogy pmvldmg munirally invasive image-guided diagnosis and reatment of diseases has also now
become ¢ [ to minimize sk bo the patientand improve health outcomes,

Advances in Radiotherapy

Atternpts to reduce damage to heallthy tissuas in mdiotherapy has ramained an ongoing process fram s early days
when the 'panaramlc exposures were used. The earlier developments like 2-D conformal to 3-0 conformal, IMRT,
IGRT, stereotactic equipment and then helical tomotherapy made immense contributions.
In the field of brachytherapy also developments took place which were aimed at smaller size of sealed source and
Increased automalion lo shrink deep seated lumours.

Maore recently, proton therapy which ulilizes charged particles-protons has come inlo being. These charged paricles
damage the DNA of cells, eliminating them or stopping their reproduction, Canceraus cells are vulnerable to attacks on
DNA because of their high rate of division and their reduced abllity to repair DNA damage. Because of their larger

mass, protons have less side soatter in the tissue and remains focused on the tumour reducing damage to surrounding
tissues. All prolons of a given energy have a certaln ranga and do not penetrate beyond that avalding exit dose to
heallhy tissues unlike X-rays.

Take-off with PET
Another, more recent, developmant is Positron Emission Tomography (PET) which is'a more pracise technique
emplaying pasitron emitting |sotopes produced in a cyclotron, A pesitran-emitting radiolsatope is Introduced, usually
via injgction, into the larget tissue, As it decays, it emils a positran which combines with & nearby elactran (o yield two
identifiable gamma rays in opposite directions. These ars scanned by a PET camers.
The introduction of 'F deoxy glucose represents anather major step loward practical dlinical use of positren-emitling
tracers. X-rays can show only the anatomical structures and not the functional details, So far undaerstanding function of
birain, heart stc. getling more infarmation becomes  Vely us useful. By 1933 Lawrence. Livingston, et al had designed a
"medical cynlmmn The subsequent production of 'C, "N, "0, and "F paved way for ona of the most useful diagnostic
modality for its use in medical and physiological research. [t hecame possible to show how different parts of the brain
are activated when perfarming mental tasks such as hearing, reading. talking, thinking, etc. The first PET scanners had

a small number of radiation sensors to build the image, and they could do only a slice at a lime. The slices were also

vary thick. Thus, the images obtained with the PET had a low quality and definition. It was impossible to gel the liner
details of iocatization of function makmg thair clinical usefulness imited.

With the developmants, which have laken place, one can easily see how the fingr details of intermal brain structures
can be visuatized.

A combination of CT and PET Is a common technigue which is used to obtain CT's high analomical datail
simultzneously with the functional Image. MR also has thal attribute though it is not as commonly used In conjunctian
with PET.

The first safe radiotracer lo be used In humans was 2-deoxyglucase. It competitively Inhibits a portion of the glycolytic
pathway, making It 2 useful molsculs lo measure the use of glucose in the brain, which directly translates lo brain
activity. Now 2-fluoro-2-deoxy-D-glucosa (FDG). which Is radiclaballed with *F and s one of the mostly widely used
radiotracers today, It was called as “Molecule of the Millennum®.

Now PET is baing exlensively used in the world In the figlds of oncology, cardislogy and neurological invesligations.
Large numberof PET investigations are being carried and the numberis growing very fast highlighting the popularity of
thistachnique and its usafulness.

Efforts are on o improve PET technology furhar. The search for bietler detectors and different radiotracers will
continue to be explored for enhancing the information which can be ebtained from such Investigations to make its place
stronger in the years to come.

Targeted Radiopharmaceuticals

In recent years, there has been lot of emphasis on the development of targeted radionuclide cancer therapy. ILis now
possible to use basaline clinical and imaging assessments to determine the most eflective therapy and to tailor this
therapy durlng treatment based on tumour response. This has the advantage of maximizing therapeutic effect while
limlting taxicity. Developments in radiopharmaceLticals as biomarkers capable of predicting therapeutic response and
targeting disease are play|ng 2 central role in medical resesrch.

A series of radiolabeled peptides have been designed and optimized for tumolrtargsled peptide receptor
radlonuclide therapy (PRRT “Y-DOTA-TOC and ' "Lu-DOTA-TATE are two of he most common radiopharmacsulicsls
with sympiomabic improvements. Furthermore, combination treatments, including PRRT combined with surgary,
chemotherapeutic agents, or radio sensitizing agents could be applied to increase the effectiveness of PRRT

Concluding Remarks

lenizing radiation had an amazing start to its journay for healthcare which had begun more than & century back. It has
had an aqually fascinating rest of the journey so far with many ups and downs. Now for many therapeutic, palliative and
diagnostic procadures il has bacome Indispensable part of medical healthcare. |Uis providing wonderful service to the
sogiety and it can ba easily concluded that radiation will continue (o serve the society for better health forall the time Lo
come. Itis alss important lo note that radiation ean cure but if not handled properly can kill also. Like many other useful
fadilities science ar nature has given us, one must be extremely careful in its safe and secure application to obtain the.
desirad rasulis.




Radiation Resistance: Big Lessons from Small Creatures
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Abstract

The beneficial effects of ionising radialion are aocompanied by harmful effects an biologlcal systems, Due 1o the
anergy they carry, radfation can induce damage and [Lis of two broad types direct, through action an macromalecules
including DNAand indirect, through gensration of free-radicals. Radiation induced damage slicits apoptosis and can
lead to cell-death. Sporadic incidents and side effects have necessitated a search for radlation protection. While
radiation protection gears are used, they are of little use in some sliuations. Added to this the lolegrance levels of
humans to radialion s retatively very low at § Gy.

The favoured approaches for search of radlation protection protocols have been on mammallan modals through use
of radiation tolerance-enhancing plant extracts and compounds. The success achieved is inadequate. Several
studies have used plantextracts. Our Initlat studies using flavonoids - rutin @nd quercetin conferred marginal iolerance
inrmouse model raising toferance levels to gamma-radiation by & factor of 1.20. The same is true for several
compounds. |n this background it |s interesting to note that there are biolegical models that are radiation resistant.
These include the microbe Deinococcus radiodurans (LD 5000 Gy), rotifer Adineta vaga (LD,, 1200 Gy), lardigrade
(Ramazzottius varieornatus 3000 Gy) Chironomous larvae (LD, 800 Gy) and the fruit fly Drosophila (LD_ 1200 Gy). A
search for mechanisms underiying this capacity lsan.

Studies in the last dacade on Deincoccus, Adinets, Ramazzottius. sf 9 cell lines of insects suggest invelvement of
mechanisms thal protect damages from free radicals, protectrepair DNA damage. protein denaturation and
subzequent recavery. Deinococcus, uses Mn based protein-protection mechanisms. 5/ 9 cells invoke antioxidant
mechanisms followina gamma Irradlation, The recent discovery of Bsup a nuclear profein in tardigrade that protects
DNA and canfers resistance o human cell lines when incorporatad In exciling. These mechanisms go paralle! with
anhydrobiosis tolerance to desiocation. A systematic study on radiation tolerance in Drosophils mefanogaster
throwgh its life cycle has been carried out by us and it differs along the stages of life. The most resistant is the late ||
Instar with a LD, of 1500 Gy, the early pupal stage belng the least resistant, It appears that dividing cells render the
early pupal stage more sensitive as other paramelers ars2 constant during life cycle. Genes responding o gamma
Irradiation are being searched for and they may hold key (o fulure approaches lo radiation resistance sirategles.

Education and Career in Nuclear Medicine for Health Care Professionals

Dr. Bhushan Shivanand, Assistant Professor Senior-Scale in Nuclear Medicine,
Department of Nuclear Medicine, School of Allied Health Sciences {SOAHS), Manipal
University Manipal-576104 Kamataka (India)

Email; drshivanandbhushan@gmail.com

Nuclear medicine is one of the most dynamic and fast growing branch of medical speaality. The practice of Nuclear
medicina has evolved from team efforts of multidisciplinary science of Physics, Chemistry, Engineering, Medicine,
and Biology using the radioactive tracers for diagnostic, therapeutio and research applications. The Nuclear Medicine
Physician , Nuclear Medicine Technologist, Nuclear Medicine Physicist . Nuclear medicine Pharmacist
(Radiopharmacist) Muclear Medicine Protection { NMPF) Specialist- RSO | are the intagral part of the
Muclear Medicing  Health care professlonal work force team who all should undergoes standard of education &
training to follow professional Standards of practice & professional Ethics with sufficient Knowledge, Attitude and Skill
implying Head, Heart and Hand in the domain of human health and Safety .

RMC of BARC, Mumbai (Radiation Medicine Centre of Bhabha Atomic Research Centre, Mumbal), was the Nucleus
far the growth of Nuclear Medicing facilities in India since their inception in year 1963 and the anly pioneer educational
Institute for developing the manpower resources for Nuclear medicine before year 2000.

Nuclear Medicine training & ed ion in India begin from RMC by conducting Five (05) waeks short term training
(between 1965 to 1976) as “Introductory Course on Medical Uses of Radiclsotopes” for both Medical Graduates and
Science Graduates to work as NM Physician and as NM Technologist respectively. This was the only training course
conductad once in a year for Nuclear Madicine Professionals.

Since 05 weeks short term training . course was lacking universily awarded academ|c qualifications and considerad
Inadequate with advent of 99mTe and Gamma Camera lor Nuclear Medicine Technalogists for career progression so
JRMC has framed the structure Course curriculum for one Year Full time post Graduate Diploma in Medical
Radioisotope Technigues {popularly called as DMRIT) course under Bombay Univarsity for Science Graduate
degree holders along with the NM Physicians course as PG Diploma in Radiation Medicine { DRM) from year 1973 .
The, first medical Physics section for Nuclear medicine came Into existence in 1975 al Radiation Medicine Centre
(BARC).

With the time Manipal University being first Private deemed universily started Four Years BSc NMT with Diplomain
Nuclear Medicine Technology dual degree program from Year 2004 All India Institute of Medical Sciences, Naw Delhi
(AlIMS) & premier medical Institute in India has started 02 years M.Sc: Nuclear Medicine Technology from the Year
2003 with intake of & students. Currently aboul 07 educational Institutes are running 3 yrs. BSc NMT with One Year
Internship, 02 institules are running Post Graduate Diploma as DMRIT/ DFIT, 07 insfitutes are running 2 Yrs, M.Sc,
Nuclear Medicine Technology. Only 02 institutes are having structured PhD program in Nuclear Medicine. Two more
Non- University Certificate Training Programs in India are running First one is the |AEA sponsored Distance Assisted
Training (DAT) Programme for Muclear Medicine Technaologists and another Qne is running by the Leading
Professional Body Assoclation of Nuclear Medicing Physicians of India (ANMPI) as 2 yrs, Nuclear Medicine
Technictans Training Program with In-field training. Both cerificates courses are Strengthening Manpower
reguirements as Supporting Technical staffs for nuclear medicine faciliies. Muclear medicine technology programs
are currently offered In a wide variety of nonstandard formats.

Didactic leaching and clinical educational tools that responds to changing trends in routine and advanced lechnology
practice may need careful review by the professional bodies that guide and oversee NMT training. Quickly evolving
practice needs necessitate creative strategies o oplimize academic and conlinuing education opportunities,
Continuous Professional Development {CPD) , Training of Trainers (TOT), Faculty Development Program  ( FDP) o
assure meaningful | ing of NM Sti . knowledge  and skllls.

The Technology , procedures and practice of Muclear medicineg are changing from Manual to automatization |, by
antering from Analog to digital computer data processing , Obsaleting of few radictracers and addition of naw
generation radiopharmaceuticals , by entering of Gamma Camera lo SPECT 1o PET Camera, to SPECT-CT fo
PET-CT { Fusion Imaging modality) , to medical Cyclotron type of high end nuclear medicine equipment's . &
generator PET Radiopharmaceuticals towards personalized medicine and targeted therapy . Like United Kingdom, in
India also there is the need to modermising the non-medical health care Science Work force. The drivers for this
changes would be Impact on the oulcome of “Patient care with Public Safety”, “Proper Work Force Planning & Carser
Pathway”. and “Education Standard and Curricuta development” compatible to Technological advances & level of
Clinical organisational settings.

In India, Nuclear Medicine Praclice for radiation Prof are & Controlled by Atomic Energy
Regulatory Board (AERB) as per the Safety Code for Nuciear Medici {publish In 2011), in Which
responsibilities of the Nuclear Medicine Technologist as well as for RSO il are admixed for UG and PG level
educational qualifications. Thers is no clear demareated job description between Bachelor's degree and PG diploma !
degree holders In Nuclear Medicine Technology. As the Technological advancements in all the aspects are quite fast
and to compete with other clinical speciality there is the gap bet Nuclear Medicine Physician and Nuclear
Medicine Technologists job responsibility. In order to maintain the safety and the Quality assured patient care delivery
and research outcomsa thers is (he need of the gualified, Skill-Mix, competent and responsible “Nuclear Medicine
Physicisl” and “Muclear Medicine Pharmacist” to be bridged in between them by assigning their role and
responsibility as per the organisational level and clinical settings which will help to open career pathways justifiably .
Nuclear Medicine Physicist (NMP) can serve in the health care service, academic teaching instituttons and in the
ragearch cantres, NMP can play a role a2 Clinical Physical Scientist. as a Health Care Practiioner (Specialisl), as an
Nuelear Medicine Educator and as a Clinical Researcher.

The amblt of Professional Body like Nuclear Medicine Physicists Association of India (NMPAI) can play a greater
role Lo help regulatory bodies (AERB)and regulatory Councils ( Allied Health Science Central Council India )
o “cadre reform” of Nuclear Medicine Health Care Professionals | lo regulate standards of education & Prau:u:e to
ensure Registration , Verification . Accreditation and Licensing of NM Health Professionals as Nuclear M i
Technologist. Nuclear Medicine Physiclst, Muclear Medicine Pharmacist and Radlation Pratection Speclalist { RS0O)
based on the level of educalion and credentials lo practice .




Radium to Radium: A hundred years cycle
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Soon after he dizoovery of radium by Madam Curie, is life saving properly was recognizad followed by its |ife
threatening property, Since then varisties of radionuclides are used for human welfare, especially in the field of riuclear
medicine: The short-lived reactor produced radionuclides, " T, acted as a magical radmnuuhda and huge guantity of
this radlonuclide is daily damand worldwide. Acceleratar praduced radionuclides like "'F, "Ga, “'71, "'At, completed
the reactor-produced ranﬁunuclldas portfollo from late ninetles. Astatine and technetium ars two alaments in lhe
spotlight of nuclear medicine. At s used for tergeted therapy dus |o its sultable hall-life and high energy -particles.

After the Fukushima-Dachi incident, world vaice is against for setting up new reactor facilities for isotope production,
Upcoming large-acale facilities like neulran spallation sources are now In the focus as alternative sources of clinically
important radionuclides. Recently CERN has launched the CERN-MEDICIS project as a unigue facility for the
production of lamge quantities of radionuclides dedicated to biormedical research. | will discuss the svolution of clinically
important radionuclides:

Molecular and Cellular Profiling for Radiosensitivity Analysis and its
Clinical Significance.

Bola Sadashiva Satish Rao
Dapartment of Radiation Biology & Toxicology, School of Life Sciences,
Manipal Uiniyersity, Manipal 576 104, India
Correspondence: rao:satish@manipal.edu
Abstract '

The accidental or intentional exposure of the publio to radiation has greater than before with the extensive increasa in
the use of nuclear technology. With the absence of physical dosimetry, precise measurement an the radiation
exposure levels during mass: expaaurersofutmusnmpeﬁance Similarly prior fing on the radi itlvity of
normal / tumor calls for cancer pati d diotherapy ks sLsa of key Importance. This presentation will give
transiational signifivance of radiahen |nduced DA damaga it's repair based cellular imolecular biomarkers and their
possible clinicalimplications.

We assessed the varation In radicresponse using o H2AX foci in healthy Individuals (n=100) and the
contribution of genetic polymorphitsms to the observed variation for its implications in radiation liodosimetry. Further,
radiotherapy (RT) induced normal tissue toxicity is one of the major limitations for achieving the desired therapedtic
effect and has an adverss impact on quality of ife. Therefore, predicting the risk of developing acute reactions before
the initiation of RT using cellular and molecular based assays may serve as a potential biomarker. Hance, this
investigation also envisaged the predictive potential of gamma H2AX foci analysis for assessing the nsk of acute
narmal tissue adverse reactions in breast (n=132) and head & neck (n=183) cancer patients undergoing curative RT.
Our results suggest that XRCCE (s2287437 (P = 0.0340) and L/G4 51805388 (P = 0.0250) influenced the DSE repair
In healthy individuals. Further, the gamma-H2AX assay and ganetic variantin NBN (rs18057%4) may have its potential
to be developed into & clinically usetul predictive biomarker. The insight gained from this extensive investigation may
be helpfulfor the detection of radiosensitive indlviduals in a healthy population and may have its clinical implications in
the predicton af the risk of developing adverse skin reaclions in those patients undergoling radlotherapy,
Acknowledgements: The financial support from DBT (BT/01/COEDS/02/0T), Government af India to carry oul this
research work; Dr, K Satyamoorthy, The Director, School of Life Sciences and Manipal University for providing the
research facilities is gratefully acknowledgsd.
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The field of Medical Imaging has undergone a paradigm shift in its role in the past few decades. Now,
lhe medical Images are belng used o understand and predict the behavior of cancers and other
diseases. This new field in medical sclence is' referred to as Radiomics. Radiomics refers lo a branch
f smience that deals with utilization of information available fram Medical |Images to characlerize

and quantify the tumor phenotypes and thus identify new quantifisble feature of clinical significance.
The hypothesis Involved in Radiomtics Ig that advanced Iimaging analysis methods when applied o
conventional and novel medical imaging technologies could capture additional and valuable
Information.

Texture Analysis

As the field of Radiomios continues to evoive, it has been recognized thal medical images contain
mare information than is ulilized by cliniclans and researchers in a routine clinical selling. This has
glven rise to new possibilities In identifying factors thal can predicl, prognosticale and help in
planning the teatment of the diseases lhey are applied to In medical Images. Testure anaiysis is
being increasingly |dentified to play these  roles with a good reliability in comparison with
conventional toals for madical imaging.

Texture: Definition
There is no generally agreed upon the definition of texture. It has been formulsted by different
people depending upon the parlicular application. Image texiure, defined as “a function of the

8] al wariafion in ixel infensities i values, . useful In a varety of applicatlonz an a5 =i
patial variation in pixel f ities (gray values)” , Is useful | riety of applicatl d has b

a subject of inlense sludy by many researchers. Textute analysis is a major slep In lexiure
classification, image segmentation and image shape identification tasks.

The term ‘Texture Analysis' in essence refers to a class of malhematical procedures and models that
can be used to characlerize the spatial variations within an image for the purpose of extracling any
surplus information the image canoffer.

Approaches to Texture Analysis

The mathematical procedures that are used for lexture analysis broadly fall into the following groups:
(&) Structural

(b) Statistical

(c) Model-based

{d) Transform

Structural methods repreésent texture of an image by a sel of well-defined primitives (which
represen! ‘microtexture’) and a hierarchy of spatial arrangements of these primitives (which
represent the ‘macrofexture’ of the image). In order o desorbe the texture by these methods, one
has 1o define the primitives and rules of placement for thesa primitives. This can he advanlagecus as
it offers flexibiity In assessing the texture of an image as the user has the liberty lo define the
components. Howaver, In the context of analysis of medical images. It Is expected thal any algorithm
apphed to oblain relevant information can be standardized and is uniform wherever it shall be
applied. Hence the flexibility that these methods offer can itsell be a detdment as standardization
becomes an issue,

Statistical methods, more popular owing to their simplicity of application are uvsed to analyze the
spatial distribution of the gray values in an image They are employed to compute local texture
features at each point In an Image and thus derive a set of statistics that define the distribution of
these local features.

Depending on the number of pixels that define the fexture fealures, these siatistical methods are
divided into first arder (defined on individusl pixels), second order (defined an pair of pixels) and
higher order slatislical methods. Of these, lhe second order statistical methods based on the gray
level co-occurrence matrices  (GLCM) are most often used and are most validated in the available
literature.

Model-based methods are based on fractal and stochasiic models and interpret an image testure by
useof, respectively. generative image medel and stochastic modeis. The parameters of the model are estimated and
then used for Image analysis. Though model-based approach has been used and validated in blo-medical Imaging. In
practice, the compulational complexity arising in the estimation of stochastic model paramelers is the primary
problam. '

Transform methods of texture analysis, such as Fourler, Gabor and wavelet transforms represent an
image In a space whoss co-ordinale system has an Interpretation that s closely relalad to the
charactaristics of & texlure (such as frequency or size). Methods based on the: Fourer transform
perform poorly in practica, due to its lack of spatial localization: The wusefulness of Gabor fiters is
limited in practice becauvse there |s uswally no single filter resolution at which one can localize a
spatial struclure in natural lextures. The problem with wavelet ransform s thal ILis not iranslationinvariant.




Gray-Level Co-occurrence Matrix:

Gray level Co-occurrence Matrices (GLCM) employ statishoal methads to define the texiure features
of an image. It is also known as a Gray level Dependency Matrix and is defined as “A two
dimensional histogram of gray levels for a pair of pixels, which are separated by a fixed spatial
relationship”.

Consider @ 4 x 4 matrix transform of an image represented in Figure 1a (labeled as Test Image) with
four gray-tone walue from O through 3. A generalized GLCM for that image is shown in figure 1b
where: #(ij) stands for number of times gray lones [ and | have been neighbors Satislying the
condition stated by a displacement vector d (which is in turn defined by a radius 8§ and orientation 8).
The general form to the Test image is represented in Figure 1b asbalow:

Gray tone 0 I 2 3
ojol1]1 0 #0.0) [ #0.1) | #(0.2) | #0.3)
ojojL|1 1 #(1.0) | #(1.1) | #(1.2) | #(1.3)
of2)2]2 Z #2.0) [ #(2.1) | #(2.2) | #2.3)
21213)|3 3 #(3.0) | #(3.1) | #(3.2) | #(3.3)
Figurelu, Test image Figure 1b, General form of GLCM

If for the above matrix, the displacement vector d is assigned with value of & as 1 and B as 0°, 45°, 90" and 135,
the respective GLCMs rendered as a result are shown in Flgures 2a-d
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Figare 2b. GLOM for 3=1 and 8=45° Figare 2. GLOM for §=1 and 8=135°

Figure 2: Various GLCM matrices rendered for the test matrix in Figure 1 at (a) 0° (b) 457 (c) 90° and (d) 135°

Most commonly employed GLCM-based texture parameters and their interpretations have been described below:

Paramater
ASM : Maximum alue of 1. More homogeneous the
ZP“‘” image, choser b the ASM ta 1
A z plijl Low valee for inhomogeneous images and higher
T 1+ {i—f? wvalue for homogeneous images
Contrant EP("JH‘“}}: Measures local variaions in an image. Measures

contribution of a piel away tram the diagonal

Entropy _ Zﬁi-ﬁlnpil}jl Measure of dimrdem:umn?ﬂﬂv of an image;
Invwirreely corelated with ASM

Correlation . }(i-#f,;u-m-') Messure of gray-level depsndencies between
ZP{ i a0, " | plets i relation to each other

Table 5: Shows commonly used GLCM-based texture pa 's, thelr mathematical representati
and their significance in image analysis '

The result of experimental study conducted using GLCM matrices will be discussed dunng the presentation,

OR 01: Title: Liver segmentation of PET/CT images using fuzzy C-means
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Dbjective: The aim of this study was to perform segmentation and extraction of liver from PETICT fused images of
suspected HCG palients, using Fuzzy C-means clustering.

Methad: Fifty PETICT liver images of patisnts with suspectsd hepatoceliular carcinoma were used. The methodology
invalved following operations applied in sequence: 1. remaving bones from CT images using thresholding technigue,
‘2.segmentation of liver based on fuzzy C-means clustering, 3. mathematical marphological operation to extract liver.
MeVisLab 2.7 was used far fuzzy C-means clustaring and remaining operalions were implemented using MATLAB
R2013b. The result of segmentation method was validated with ground truth and also by the visual Interpretation made
of two experienced Nuclear Madicine Physicians.

Results: The banes were remaved fram CT Images at the threshold gray level betwesn 75 and 190. Segmentation of
liveron CT images was achieved with input parameters of Fuzzy C-means algorithm as follows: the number of classes
as &, fuzziness as 1.5 and epsilon as 0.9. Figure-1 shows an input image, extracted liver and the ground truth PET/CT
Image respectively. The Sensitivity. specificity and accuracy of the proposed method used in this study were found 1o
bie 96.11%, 99.40% and 98,97 % respectively, Forty-thres aut of fifty (86%) seamentad llver images were raled as good
when Independently evalualed by two experienced nuclear medicing physicians.




OR 02: Title: “Estimation of Radiation Dose to Caregiver of Patient Treated with

High Dose lodine-131"
Shivani Choudhary, Sanjay Gambhir, Subhash Kheruka, Sarita Kumari, Mudaisha Ravina, Nilesh Shankar
Department of Nuclear Medicine, SGPGIMS. Lucknow (UP), India

Objective: The aim of ihis study was 1o determine dose réceived by the caregivers from the thyroid carcinoma patients
treated with radicactive lodine 1311 after the discharge from the hospital living in different condition and using different
mode of travel iswithin the tolerance limit or nok

Methods: The administered activity ranged from 50 mCi to 250 mCl. One or two designated caregivers received
specific radiation safety instructions prior o treatment. Twenty patients with differentiated/papiliary thyroid carcinoma.
referred to the department were treated with high dose radiolodine 1-131. All patients were discharged on reaching
AERB presaribed dose limit (EmR/h). Following discharge, caregivers ware provided with a TLD arysial in the farm of a
locket to be worm on the neck, Cumulative radiation dose over a patiod of seven days alter the discharge of patients
were measured. The TLD crystal was analyzed in TLD readar. The commoen supporting and caring activities done by
the care-glvers after discharge of the patients includes {ravelling together in the comman vehlcle providing food and
medications. Al palients recruited in the present study had Karnosfky perfarmance score > 60 |.e. they did nol need
any assistance in their dally activities.

Result: Cumulative exposure to the care-glvers wera from EmGy-12mGy (7.94(Mean) +1.97(50)).

Canelusions: The radiation dose (o caregiver in seven days after discharge (7.94(Maan) = 1.97(SD)) s above he
presently prescribed dose limit for general public as per ICRP guldefines of SmSviyr. As this is ongoing work still it
emphasizes the need for detailed radiation safety instruction to lhe caregiver and cumulation of more data before
reacting on a firm canclusion,

OR 03: Studies on life-cycle stages of Drosophila melanogaster suggest
proliferative stage to be radio-sensitive.
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Mangalore, Karnataka- 574 199, #Centre for Application of Radio Isolopes and Radiatlon Technology (CARRT) |
Mangaiore Universily, Mangalore, Karnataka- 574 199,

Emall- jagdish.paithankar@gmall.com

Introduction: Harmful effects associated with radiation have always pre|udiced the minds of public and pollcymakers

-about benefits of radiation. Hurnans are among most radio-sensitive organisms. Discovery of radiation tolerance in
some organisms have raised guestions as to how tolerance s achieved. The Drosophifa melanogaster is one such
animal and adulls of which are post-mitolic and less susceplible to radiation. The Drosophila melanogaster is
emerging as a suitable model for radiation research, The advantage of this model are: 1.1t exhibits relatively high
levels ol lolerance. 2. Provides genellc approaches o address physiological questions. 3. Ithas differant life stages in
its life cyole thal keeps some parameters constant, while others vary. Thess aspecis render It an atlractive modal to
address mechanisms of radiation tolerance.

Purpose: Discovery of radiation lolerance in some organisms have raised g 15 as 1o how e iz schieved.
To answer this question we performed experiments which will help lo understand radiation tolerance and mechanism
underneath.

Method: To undarstand levels of radiation tolerance analysis of LDS0, 1 hour post-irradiation inall life slages of fly was
studied. Total antloxidant capacity (TAC) by phosphomolybdenum method and protein carbonylation (FC) by DNPH
assay, were performed for all the life stages.

Result: The sensitivity decreases as lhe fly develops from egg to third instar larva (LDS0 of 452 Gy lo 1580 Gy).
However, the early pupa stage exhibitad an interesting incidence of relatively high radiation-sensitivity (LDS0 of 50
Gy). The adults recovered from this eplsada of sensitivity and regalned tolerance (LDSO found 1228 Gy for males and
1250 Gy for lemalas),

Conciusion: We postulate that early pupal stage has a high rate of call proliferation that renders the organism
rad|ation-sensitive at this stage. Analyses of TAC showed highest levels of antioxidants during early-pupal stags. PC
Increased alang life stapes and It is highest during early-pupal stage and the levéls of catalase marginally decreased
during this slage. Taken together, the observations suggest that high cell proliferation increases metabolism, DNA and
pratein synthesis, which makes it sensitive to carbonylation. The organism therefore exhibit | hughestsens:tlvlty at this
stage of life cycle.

braviations: LDG0- Lethal dose lo kill 50% population, Gy- Gray.

OR 04: Synthesis and Evaluation of New Radiolabeled Bombesin Analogs as
Receptor Targeted Tumor Imaging Agent
Kakali Da*1, Indranil Banerjea1, Samarendu Sinha2, Shantanu Ganguly2 1DIvision of Infectious Diseases and
Immunaloay (Nuclear Medicing Laboratory), CSIR-Indian Institute of Chemical Bialogy, 4 Raja S C Mullick Road,
Kolkata, 700032, West Bengal, India 2Regional Radiation Medicine Center, Thakurpukur Cancer Cenler and
Welfara
Home Campus, Kolkata, India

Introduction: Bombesin{BN) is a tetradecapeplide lhalt binds specifically lo gastrin-releasing-paptide(GRP)
receptars which averexpressed on several cancers, including prostate, breast, and colon. Radiolsbeled bombesin

analogs with high affinity for GRP receptors might therefore ba used for scintigraphic imaging of these lypes of tumars.

Purpose: The goal of this study was to sy 55 88mTe | new BN gs (BM1.BN2 and BN3) with favorable

pharmacokinetic properties in arder to improve the breast tumor imaging properties as new diagnostic radiotracers in

comparison with truncated BN peptide BN(7-1 4)NH2.

Methods: Solid-phase-peptide synthesis method was used for the synthesis of truncated BN analogs conjugated with
bi-funotional chelating ligand HYNIC. Radiolabeling with 99m T was performed using EDDA/tricine as co-ligands and
analysed by TLC/RHPLE mathods. s ipophilicity and stability were also investigated. The IC50 and Internalization
properties were determined using the GRPR expressing breast cancer cell line MDA-MB-231. |n addilion
biodistribution and imaging experiments were performed In tumar bearing rat. '

Results: Labeling yield of peptide conjugates >94% was obtained with good stabllity In presence of serum.
Radiopeptides have showed significant internalization {30.47%) into MDA-MB-231 cells with high receptor-binding
affinity (nanomolar range) for calls. In biodistribution studies, a receptor-specific uptake was observed In GRF-positive
organs and tumor. Biodistribution and clearance kinetics In rat revealed an efficient clearance from the blood and
excrellon mainly through the renal-urinary pathway. In addition, lumaor uptake was higher than non-specific organs,
such as spleen, liver and muscles. Tumor-lo-muscle and tumor-lo-blood ratios (or radiopeptides have showed high
values al 1 h postinjection. Furthermore, blocked sludies using cold bombesin peptide were performed, which
demonstrated an important decrease in lumor uptake, indicating a tumar specificity for 29mTe-8N analogs, SPECT
Imaging studies also resulted In clear delineation of the tumar, Among the three analogs 99mTe-EBN1 displayed more
significant radiochamical characteristics, and adequate affinity 1o breast wmor cells.

Conclusion: Therefore observed resulls suggest that among three new 99mTe-BN analogs, 99mTc-BN1 possess
maost favorable properties, thus rendering it as potential candidates for non-invasive recaplor targeted imaging of
tumar and which are ncouraging enough to carry out further experiments.

OR 05: Radiolabelling of Tamoxifen as a potential imaging agent for Estrogen
Receptor positive Breast Cancers.

Authors-Anupriya, Jaya Shukla Priva Bhusari Rakhee Vatsa,Kanchan BR Mitlal Introduction/Purpase-: Tamoxifen

Is & FDA appraved a sslective eslrogen receptor modutator (SERM). 1t is used as an adjuvanl (herapy for estrogen

receplor positive breast cancers. This sludy almed to radiolabel lamoxifen with Te-889m via tricarbanyl complex as
a diagnostic imaging agent for ER positive breast cancers.

Methads- Sadium b arbonate,a carbon monoxide producing source, was dissolved in 0.1M PBS (pH=7.5) and
30mCi of Te-98m was added. The reaction mixture was was incubated al 80 € in water bath. Reattion mixlure was

‘cooled followed by qualaty parntrol us:ng_saHne, acetone an_d methanol:HCI (99:1} as mobile phase. Tamoxifen was

added to the carbonyl solution and incubated at 100" € atvarious pH (3.5,6.7.5). Quality control was dane with ITLC
using methanolkHCI (29:1) as mobile phass. Further, to rule out the presence of free technetivm-29m, 0. 1ml Te-38m
tricarbanyl mixlure was incubated with 0.05M EDTA without adding tamoxifen. For characterisation of the
radlalabelled complex MALDS-TOF was perfarmed.

Results- Te-99m carbonyl complex and Te-98m-tricarbonyl-tamoxifen complex were prepared and the Rf on ITLC
were 0.3 and 0.4, respectively in methanol:HC| (99:1). In saline, lhe peak of Tc-88m-tricarbonyl-tamoxifen camplex
was observed at the base (due to hydrophabic nature of tamoxifen), The peak of EDTA contalning Te-99m tricarbonyl
was obiserved at the solvent front with acetons and saling thus confirmed the farmation of tricarbonyl core and absence
ol free technetium-99m. The radiolabelling efficiency was found to be >80% at ail pH (3.5,67_5). In MALDI-TOF a psak
was observaed a8t the molecular weight corresponding to of To-88m-tricarbonyl-complex (568Da).

Conclusion- Tc-99m-tricarbanyl can be used lo |abel lamaxifen thal can be used for Imaging ER positive braas




OR 06: Effect of energy window width and peak shift on SPECT images
Umesh yadav, Department of Nuclear Madicine, AIIMS, New Delhi-29

Introduction: The different factors that affect the gamma camera uniformity of Single Photon Emission Computed
Tomography (SPECT) technigue have been analyzed including peak shift (%) and window width of energy. The effect
of peak shift and window width an SPECT Image uniformity has been investigated using a point source (Te-89m) to
perform intrinsic flood images.

Methods : Affer performance of intrinsic flood images by using a point source (To-98m) made visual analysis of
acquired images. The relation between calculated integral & differential Cantre Fleld of View (CFOV) and Useful Field
af View (UFOV) unifarmity values were plotled with peak shift and window width chiange. The effects of window width
of energy 5%, 10%, 15%, 20%, 25%, 30% on SPECT imagss were investigated using the puoint source: (Te-99m)
radioisotope with energy of 140 KeV/,

Results: Although 0% shift is the optimum peak shift, but In the current study we have found that the data in the range of
0% 1o 3% peak shift provides resull with salisfactory image quality, Integral Uniformity (IU %) and Differential
Uniformity (DU %) vaiues of CFOV and UFDV were notiteably changed with the change of energy window width. In
Ihis sludy, the optimum energy window width of the images of different flood phantom has been found to be in the range
from 15% to 20%.

Conclusion: Finaily, 0% to 3% peak shift at 15% energy window width applisd on head and body phantoms provida
sultable images leading te proper disgnosis which conform our findings.

Key words: Single Photon Emission Computed Tomaography (SPECT), Center figld of view (CFOV), Useful field of
vigw (UFOV); Integrai uniformity (IU); Differantial unifarmity (D).

OR 07: Radio -labeling of DOTA-NOC with 68Ga eluted from itG Ge-68/Ga-68

Generator
Mehjabeen P, Priya M,Rutuja P,Beena Shetye, Rangarajan V

Aim : To Calculate radiolabeling yisld of Ge-Ga Generator for a period of ane year.

Introduction: 68Ge/68Ga generators provide cyclotron indep access o PET radiop aceuticals. 68Gais a
short llved positron emitter (half-life 7.6 min) and Is eluted from B8Ge(half-life of 270.8 days). The 270 days half-life of
the parent allows the us= of the generator potentially up to 1year . Ideally & 30 mCi Ge-Ga ganeratar should glva 30
mCl B8GaCI3 and Itis expenlad {6 get 30 mCl labeled product Le 88 Ga DOTA-NOC . |n reality 68Ga recovery from
chromatographic coiimn is less than expected value.

Material and Method : G 88Ga-68Ge gensrator Dose calibrator 1G iQS B8Ga Fluldic Labeling Module. Labeling
was performed using the ITG s 105 68Ga Fluldic Labsling Module and the ITG 68Ga Peptide. For 68Ga - DOTANOC
indigenousiy prepared chemicals were used for labeling (25 ng) of DOTANOC (GMP grade )in 900UL of Na acetats
buffer . Radiolabeling involved heating at 105" € for 10 minutes . The labeled molecule was purified ih - line with the
labeling module using a reverse phase C-8 Sep - Pak Light (Waters, USA) and filtered through a Sartorius 0.26m filter
forsterillzation.

We calculated uncorrected Radiochemical yleld (RCY) using formula : %RCY = Labeled Activity of product/Acitivity
oblained at elution X100,

RESULTS: Radiochemical yield are typically reported as either decay corrected or uncorrected yield = The
Yeradiochemical yield was found constant over the period of 1year

H8Ga - DOTA-NOC |abeied peplide gave the consistent RCP =95%.
Conelusion : An LG 88Ga-Ge generator with tG-10S 68Ga Fluidic Labeling Module |s suitable for the use of 68Ga
Radiopharmaceutical as it gives consistent RCY and RCP

OR 08: Comparison of fusion of PET and CT images using techniques of Alpha-
blending and Principal Component Analysis.
AK Pandey1 , PD Sharma2, Vishali1 , Saroha Kartik1 , Chandan Singh Bisht1 , Ashish Negit , CD Patel1,
Bal €51, Rakesh Kumar1

1Departiment of Nuclear Medicine, All India Instilute of medical Sciences, New Dalhi-29, 26GTE Khalsa Coliege.
University of Delhi, Delhi

bjective: Ta compare usefulness of PET and CTimages fused using alpha-blending or principal companent analysis

Methods: 1204 set= of registered PET and CT images in dicam formal were processed using Mallab R2013b. For
alpha blanding method, alpha value for each pikel was caleulated using Porter and Duff Equations [1). The PET image
was used to compute alpha vaiues. The PET/CT fusad image If was obtained using the following relation If = 11 *alpha
+12*(1-alpha) Where |11, and 12 are CT and PET images respectively, For Principal Component Analysis (PCA) based
Image fusion, PCAol CT and PET Images were determined and PET/CT fused imaga was obtained using the following
relation:- If = 11pea " 11 +12pca 12 Where 11 and 12 are CT and PET image respectively and where 11pca and [2pca are
PCAof CT and PET image respectively. The resultant fused images from two methods above were compared for thair
fusion index using Feature Mutual Information metric (FMI) [2]. Student's-! test was used for significance of difference
of thelr means. The null hypothesis was that the two techniques (PCA and alpha blending) produce similar fused

images atsignificance level a =0.05.

Results: Based on fusion index using FMI, the difference between PCA and alpha-blending algorithm used for

PET/CT image fusion was statistically significant at p = 1.5833e-099 (with a =0.05). The FMI(mean, variance} for
PCAand alpha-blending algorithm wers (0.91461, 0.003841) and (0.95625, 0.00050472) respeciively,

Conclusion: Fusionof PET and CT images using Alpha-biending of gives belter results as compared to their fusion by
PCA,

OR 09: Role of various semiquantitative parameters of F18-FDG PET/CT
studies obtained from primary tumor for interim treatment response evaluation
in non-small cell lung cancer (NSCLC).

Akshima Sharma1, Anant Mohan2, V. Sreenivas3, Pryanka Guptal, Ashu Seith Bhallad, M.C. Sharma5, Anil
Kumar Pandey1, Rakesh Kumar1

1Department of Nuclear Medioing, AlIMS, New Dalhi
2Department of Pulmonary Medicine and Slesp Disorders, AlIMS, New Delhi
ADepartment of Blostatistics, AIIMS, New Deihi
4Department of Radlo diagnosis, AlIMS, New Delhi
SDepartment of Pathology, AIIMS, New Delhi

Introduction: Early treatment response evaluation is impartant in NSCLC patients so thal treatment course can be
changad in paﬂa nts wllh pmgrgsslue disease and toxic effetts of chematharapy can bie avolded. A wide array of semi-

ined from F1B-FDG PETICT Is currently balng employed for assessment of
raspcmsa 1o Lherspy and prngnushcatmn

Objective: To prospactively évaluale the rols of three semlguantitative parameters of primary Wwmor(TBR, SUVmax,
SUVavg) obtained from F18-FDG PETICT and to determine best one lor rasponse assessment to chemotherapy in
blapsy-proven NSCLC cases.

Method: 32 palients (M/F=25/7 ) with mean age 54.71 4 12.65 yrs with blopsy praven NSCLC (21 adenocarcinoma, 11
SCC) were enrolled In study. Each patien! underwent baseline and post 4 cycle chemotherapy whale body F18-FDG
PET/CT scan after injecting 0.14-0.21mcilkg of F18-FDG i.v. Images were analysed by two experienced nuclear
medicing physicians and three PET/CT parameters of primary tumer were evaluated (TER, SUVmax, SUVmean) for
both scan along with their % changes( ). Patients were divided Into two response groups as per REGIST 1.1 criteria:
responders (complets and partisl response) and non-responders (stable and progressive diseass). All parameters
were compared amoeng two response groups by using appropriate statistical methods, p<0.05 was considerad
slgnificant.

Results: Of 32 patlents, 5 had stage |l and 27 had stage |V disease al baseling avaluation. Sbdeen palents wers
responders and 16 were non-responders, All parameters avaluated in post-chemaotherapy scans were significantly
higher in nan-responders as compared to that of respondera(p<0.05) Among the % changes of Ihree parameters,
SUWmax was significant{p=0.02), TER was marginally significanl{p=0.048) and SUVavg was non-
significant{p<0.05) in prediction of rasponse. In ROC analysis, post-TBR cama oul to be most aceurate with AUC 0.83
followed by post-SUN max (AUC 0.80), post-SUNVavg{AUC 0.75)and  SUVmax(ALC 0,70}

Conclusion: Amaong all the parameters obtained from post-chemotherapy scans, post-TBR and among the %




OR 10: Re-188 Patch Radionuclide Therapy for Keloids : A 3 year follow up

study
Priyanka Gupta, Akshima Sharma, Kaushal K.Verma, Rakesh Kumar, Pratik Kumar, C.S.Bal, Arun Malhotra,
G.P.Bandopadhyaya,
Department of Nuclear Medicine, All India Institute of Medical Sclences, Ansari Nagar, New Delhi-110029

Background : Keloids are irrsgularly shaped scars composed of mainly either type |1 (sarly) or type | (late) collagen
which tend to enlarge progressively. No treatment Is 100% effective and Invasive methods ke surgery lead to
recurrence & increase in size.

Purpose: The aim of the study was to determine the efficacy of Re-188 radioactive skin patches for tr tof keloids
and to determine the long term effects of the patch radionuclide therapy.

Methods : Nine patients (2 males and 7 females) aged between 22.59 years with 29 lesions were included in the
-study. All patients had clinically diagnosed keloids. Eleven leslons were on chest, 6 on arms,_4 on shoulder, 3 on pubis,
2 each on earlobes and abdomen and one lesion was on neck. All the patients complained of pruritus and pain over the
lesions. None had infection or exudations from the lesion. Sealed patches incorporating Re-188 were custom made
according to size and shape of the lesions and applied locally on the lesion site. The patches were reapplied on
allernate days so as to deliver approximately 50 Gy of radiation dose superficially in lotal 3 fractions. Patients were
followed up initially at 2 weeks, 4 weeks, 8 weeks and 12 weeks. Post 3 monlh follow up, patients were followed up 6
manthly to determine any recurrence or any long term effects.

Results : Excellent response with almost complete disappearance of lesion was seen in 12 (41%) leslons, Six lesions
{21%) showed good response and the remaining 11 lesions (38%) demonstraled partial response respectively, There
was a greater than 50% decrease In lesion size in 18 (62%) lesions. Spectrum of radiation dermatitis ranging from
pain, itching, erythma, crusting and desquamation was observed as side effacts in all lesions post therapy which
gradually healed by 8 weeks, Routine haematologlcal and biochemical examinations at the follow ups did not reveal
any toxicity, None of the lesions had any recurrence upto 3 years posttherapy.

Conclusion: Re-188 Patch Radionuclide Therapy Is an effective and safe therapeutic option far treatment of keloids

OR 11: Renal and haematological toxicity in patients undergoing Lu-177-
DOTATATE Capecitabine therapy for neuroendocrine tumors

Ajay Mohan, Ashwani Sood, Priya Bhusari, Jaya Shukla, Bhagwant Rai Mittal

Intreduction: Neuroendocrineg tumars (NETs) have neurc-endocrinal origin. There are many types of NET s and
maost of them express the somatostatin receptors 2 and 5. Positron emission tomography (PET) imaging using Ga-68-
somatostatin analogues Is routinely used to assess the distribution, spread of disease, prognostication and indicating
the patient’s suitabiiity for Peptide Receptor Radionuclide Therapy (PRRT) PRRT is used in patients with
metastatic/inoperable disease using LU-177 labeled somatostatin analogues and capecitabine. The risk of toxicity
associated with this treatment is there. The kidneys are the crtical organ in Lu-177-DOTATATE therapy because the
uptake is mediated by the endocytic receptor megalin in the proximal tubull of the nephron followed by haematological
toxicity. The aim of this study is to assess the toxicity of Lu-177 DOTATATE in patlents undergoing PRRT.

Purpose: To assess the renal and haematological toxicity in patients undergoling Lu177-DOTATATE treatment.
Methods: Twenty consecutive patients underwent NETs therapy (4 eycles) with Lu1 77-DOTATATE (200mCi percyele)
after fulling the eligibility criteria. Amine acid Infusion was done along with administration of Lu-177-Dotatate for
nephro-protection. A post therapy scan was performed 24 hr post administration of therapy dose. The patients were
fellowed-up with determination of renal function including GFR evaluation, liver function and complets hasmogram on
3rd, 6th and Oth week after sach oycle of Lu-177-Dotatate therapy.

Results: Evaluation of renal function al 3, 6 and 9th week intervals did nol show significant reduction in ranal
parameters, Also the blood profiles at these time intervals did not show significant reduction in cell counts and
haemoglobin content. In few patients, a significant increase in the serum creatinine level and mild drop in the platelet
countwas ohserved during the therapy,

Conclusion: PRRT with Lu177-DOTATATE in neuro-endoorine tumors with amino acid infusion |s an effective and
safe treatment with transient toxicity in few of patients of the study group.

OR 12: 99mTc-HYNIC-RGD as a neo-angiogenesis imaging agent in locally
advanced breast cancer (LABC) patients.

INTRODUCTION: RGD (Arg-Gly-Asp) Is a paptide largeting « vi 3 integrin receptors which are over-expressed
during nec-angiogenesis in both endothelial and lumor cells. Labeling the peptide with 99mTe can help us in early
diagnosis of growing tumor.

PURPOSE: To establish cost effective and efficient angiogenesis imaning agent with reduced radiation burden using
low enargy 39mTe.

MATERIALS AND METHODS: The lyophilized kit for HYNIC-RGD was incubated with 70 mCi 98mTcO4- in water
bath at 100" C for 20 minutes. The preparation was allowed to cool al room temperature for 10 minutes. Paper
chromatography was performed with Whatman strips using sallne and acetone as mobile phase. The strips were
scanned using radioTLC Scanner, also the counts were taken in wall counter. 20 mCidose of 88mTe-HYNIC-RGD was
administered to each patient (n=8) through Lv injgction. Planar whole body scan was acquired after 2 hours of dose
administration.

RESULT: Paper chromatography using saline as mobile phase showed peak al solvent front and with acelone peak
was obtained near the origin front. Rf calculated was 0.9 and 0.2 with saline and acetone respectivety. From the counts
abtained In well counter radiclabeling sfficlency was found to be = 85%. Physiological uplake was seen in
nasopharynx, salivary glands and gastric mucosa. In some palients mild uplake was observed in thyroid. Tracer
showed renal excretion. Intense uptake was observed in breast lesions in all LABC patients. In two patients axillary
lymph nodes were also visualized: 99mTo-HYNIC-RGD reduces the radiation burden to the patient. 99mTe-HYNIC-
REGD s costeffective as compared to already existing 68Ga-RGD.

CONCLUSION: 99mTc HYNIC-RGD can be labeled with high radiolabeling efficiency and may be used as a promising
SPECT radiopharmaceutical for imaging neo-angio is in LABC pati

PT-01: Is maximum safe dose calculation based on EANM Dosimetry
committee recommendation reliable in Radioiodine therapy of
differentiated thyroid cancer?

Authors: Praveen Kumar, Chandrasekhar Baland NishikantA. Damle
Affiliation: Department of Nuclear Medicine, All India Institute of Medioal Sclences, New Delhi, India

Introduction

The empiric fixed dose approach is practised world-wide for the radiciodine treatment of differentiated thyroid cancer
patients including children and adolescents. Many Investigators have performed internal dosimetry In adult patients
undergaoing RIT, however, few have done dosimetry |n children and adolescents, and none have applied bons marrow
(blood yapproach in paediatric patients '

6bjaclivas

It was planned to dosimetrically determine the maximum safe dose (MSD) for therapy using bone marrow (blood)
approach presented by EANM dosimetry committee in 2009 (modlfied Benua approach) that provides blood dose
estimates from & single external measuremeant of the whole body retention 1 or 2 days after radiciodine administration

and enatiles blood dose-based therapy for routing ablation as well as of m d with minkmum
effarl. Here the therapy dose was delermined targeting 0.3 Gy blood absorbed dose which is considered to be safe.

Materials and Methods

Ninety seven patients with age 21 years with proven DTC wera given 2 mCi (74MBqg) diagnostic dose of 1311. The
whale body scan (WBS) was done on a dual head gamma camera at 2 and 24 hours. The percentage ratention of
radicloding at 24 hour was determined from the geometric mean of anterjor and posterior whole body counts using the
2 hour pre-veid image as baseline: Blood volume was estimated for each patient and the dose rate (mGy/MBq) was
calculated by putting these parameters in the below mentioned eguation to calculate the MSD. Of the total 97 patients,
25 patients had no evidence of diseass (NED) on scan and 72 patients had lesions on scan at the time of inclusion |




the study. Moreaver, in 64/72 patients repeat dosimetry was done on six month follow-up. Out of which 4564 patients
had NED and remalning 19/84 patients had lesions on scan, Of a total of 161 dosimetry, 70/161 had NED-(Group A) and
91/161 had lesions on scan {Group 8). Of these 01 studies available 10 had a |obe only, 23 had remnant only, 34 had

sither anly nodes or nodes with remnant and 24 had elther only lung
nodesiremnant.

or lung 1 with

Results and Discussion

There was no significant differerce in lhe MSD in both the groups: In Group A the mean values of whole body retention,
absarbed dose rate and MSD was found 1o be 26 4646 96%, 0.108£0.02 mBy/MBg and 78.41+18.38 mCl respectively
whareas in group B patients it was 20.01%+9.80, 0.1230£0.04 mGy/MBg and 71.04220.74 mCi respectively.
Moreover, no difference In the therapy dose was found depending on the extent of disease In remnant, nodal and lung
metastasis. The mean values of therapy dose in patients with only labe, only remnani. with only nodes or , nodes with
remnant and lung metastases only or lung m with fremnant was found to be 59.09+6.82 mCi,
TOOB8£16.61mCi, 71.64219.41 and 75.41+28.07 mCirespectivaly,

Conclusion
EANM dosi y cor recorn on was not found to be useful in calculation of MSD as there was no
difference in patients with or without disease or depending on the extent of diseasa.

PT-02: Fast OSEM3D SPECT Reconstruction with GPU
Shashi Duraiswami, Segami USA

OSEMID is gensrally admitted as an efficient recanstruction method for SPECT Imaging, but may be time consuming
when calculations are performed on central processor unit (CPU). To speed up reconstruction we have implemented
an OSEM3D application in Dasls, namaly IRIS3D using the graphic processing unit (GPUY. The parallel nature of the
graphics pipaline is particularly adapted o the reconstruction problem,

Background:
OSEMD Is generally admitted as an efficient reconstruction methad for SPECT Imaging, but may be tme consuming
when calculations are performed on central processor unit (CPU), To speed up uction we have impl e

an OSEM3D application in Oasis, namsly IRIS3D using the graphic processing unit (GPU). The parallel nature of lhe
draphics pipelineis particularly adaptad to the raconsiruction problem.

Purpose:
The aims of this paper is lo demonstrate that use of GPU decresses rsoonstruction time.
Materials and methods

Segami's IRIS3D, an OSEM30 reconstruction implementation is programmed on GPLU. The projection and
backprojection operators of OSEMAD Include collimator with deteclor varylng response model. Optionally, lissue
attenualion is considered during the iterative process (OSEM20+AC) Images are loaded on graphic cards as texture
with the OpenGL library and computations are carried out using arlthmetic operations of fragment shaders. Two
internal dala representations were lested: 16 bitand 32 bit fioating point data. No pre-computed matrix coefficients are
neaded for GPU method.

Reconstruction imes were measured on & standard PC (Dell XPS, GPU: GeForce 7850GX2; CPU: Intel Gore 2 Duo
EBY002.66GHz) for 128x128 120 projections brain images.

Rosults:

The use of 16 hits precision instead of 32 bits has a negligible effect on image-quality, and |5 ten times faster. Soitls
clearly nat indicated to go untll the highest precisian. In 16-bil programming, we performed B lterations with 5 subsets of
OSEM3D In 30 seconds and OSEM3D+AC in 107 seconds on GPU Instead of about 1 hour and 10 hours, an CPU
respectively. With continued advances in GPU libraries and improved video cards, the reconstruction lime continues to
decrease.

Conclusion:
Segami's IRIS3D. an OSEM3D with GPU implementation, pravides a real gain of time and allows the use of this
algorithmin a clinical context and on a standard PC.

PT-03 :Normal Limits for Left Ventricular Ejection Fraction and
Volumes Determined by Gated SPECT: Comparison Between
Cedars-Sinai Medical Center's QGS and Segami's CardioGam

Shashi Duraiswami, Segami USA

Background:

Several gated SPECT processing software are avaitable in the market howsver, due lo the difference In the left
vaniricular modelling and methods of myocardial definition, the results are substantially different. Theretore it is
necessary o define narmal limits specific to each software and understand the reason for thelr differences to
adequately Interpret individual cases.

Purpose:

The aims of this study were to define normal limits of ventricular volumes and ejection fractlon for Cedars-Sinal's QGS
and Segami's CardioGam soflware and o evaluate the relalionships belwsen the resulls.
Materials/Methods

QGS, developad at Cedars Sinai Medical Center, is an automaltic gated SPECT processing saftware operating in 3~
dimensional space, based on asymmetric Gaussian fitting of count profiles across the myocardium and identification
of endo and eplcardial surfaces.

In CardioGam, by Segami in collaboration with Stanford University, the location of the myocardial wall is defined by
statistical parameters and not by edge detection, The algorithm operates in a 3-dimensional space and determines
the center of myocardial wall, which location is defined as the center of gravity of each activity profile plotted from the
center of left ventricular cavity outward.

Results:

The mean ejection fraction was similar between the mathods but the volumes and cardias output were signifisantly
lower for OGS than CardioGam. QGS lower limit for LVEF was 43% for men and 51% for women compared Lo 48%
and 53% respectively for CardioGam.

Conclusion:

QGS has been reported lo underestimate ventrioular valumes and consequently overastimate LVEF. This explains
the low cardiac output values observed with this method and the trend in ejection fraction differences. CardioGam
gave higher volume values {diastollc and systollc) and consequently higher stroke volumes and cardiac output
results. Given the differences between the tachniques, it s necessary o apply different normal limits for each software
and constder these factors when interpreting individual cases

PT-04: A comparison study of filtered and unfiltered radio labeled colloid for
detection of sentinel node

Shekhawat Kan Singh, Yadav Prakash, Singh Sardar, Bhagat J.K.
Department of Nuclear Medicine, Bhagwan Mahaveer Cancer Hospilal & Research Centre,
Jaipur, Rajasthan, India

Objective: The purpose of the study Is to compare the detection efficiency of sentinel node for filtered and unfiltered
radio labeled collolds.

Material and methods: A study of 30 patients, 15 patients on each category for filtered and unfiltered radio collold, has
teen done. [89m] Te Sulfur Colloid, 14-22MBq, used for injectians. Scintigraphic study done by SPECT system
(Siemens haalthcare) and Gamma probe (Crystal photonics, Garmany) used for the detection of sentinel node.

Results: The study results that filtered colloids/tracer (slze 50-220 nm with mean of 100 nm) moves faster and show
early peak uptake compare to unfitered (size 50-5000nm, mean 450 nm) colloid into sentinel node. The unfiltered
radio collold has wide range of particle size and show slow and delayed peak uptake so Jt can be used for delayed or
nextday procedures.

Conclusion: Filtered radio collaid |s sultable for early fures and also requires lesser dose of radio colloid as
compareo Urfiltered radio colloid ' '

Keywords: radlo collold, [99m] To sulfur colleld, garmma probe
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PT-05: Preliminary experience with Tc-99m Trodat in Uttrakhand
Understanding the myths.

Vandana Kumar Dhingra*, Nisha Bhatia**, Ashutosh Panday*
“Department of Nuclear Medicine, AlIMS Rishikesh, **Department of Nuclear Medicine,
Cancer Research Institute , SRHU, Dehradun.

Background : Tc-98m TRODAT imaging provides indispensible functional information of the basal ganglia but is
performed invery selected centras in our country and none existin the state of Utirakhand.

Purpose: Assumed to be logistically difficult we evaluated the technical aspects In the inibal series of Te-98m
TRODAT Scans. Methods: We examined the technical steps of performing a To-88m TRODAT Scan in the initial
series of patlenls. These were divided into procurement and isotope logistics, procedure timing and qualitative
|abelling quality. We also looked for requirement of repeal study,

Results: We included the first & procedures of Te-98m TRODAT (three batches of two subjects each) which were
performed in cur department and studied the aforementioned parameters in all. We procured an indigenous TRODAT
kit in & cold bex (with dry ice), It was stored in a deep freezer lill use. All the instructions for fabelling of the Tc99m
TRODAT eold kitwere followed strictly especially the volume of TeB8m (less than 1ml) and radioactivity of 60mCi. The
isotope In the first or second day of the new Mo-Tc99m generator was concentrated enough to comply with these
Instructions. Patients were Injected within 15 minutes of preparation, One patient and one voluntary control were
Injectad with each batch of Te99m TRODAT. Imaging was starled after 240 minutes of injection and took around 120
minutes. Blo-distribution of Tc89m TRODAT in the brain was checked gualitatively and bilateral stria were well
visualised in control cases images of all three batches of Te99m TRODAT prepared. None required repeatstudy.

Conclusion(s): This study helped us in alleviating the negalive myths associated with Te-99m TRODAT imaging.
Though lime consuming and technically demanding, If parformead In & planned and meticulous way, clinically useful
images can be achieved within routine working hours.

Key words: Tc-99m TRODAT, Uttarakhand

PT-06: Evaluating the impact of fluidics usage of an IQS Ga68 Fluidic
Labeling module on the production yield of Ga-68 PSMA.

AUTHORS: Priya Monteiro, Bhakti Shetye, Mehjabeen Pathan, Dr.Archi Agrawal,
Dr.Nilendu Purandare, Dr.Sneha Shah, Dr.V.Rangarajan .
Department of Nuclear Medicine and Malecular Imaging, Tata memerial Hospital, Mumbal,

BACKGROUND: The |QS Gaf8 Fluidic Labeling module by ITG Iz a manual self-shiglded system including an
organic based Get8-Gabl generalor with a fixed Wwbing system (FLUIDICS), The company recommended frequency
to thange the lubing system is after avery 10 elutions. The effect of not changing the fMuidics after 10 elutions an tha
vield of Ga-68 PSMA was observed

AIM: To determing i the product yield of Ga-68 PSMA s affectad if the fluidics In the 105 GaGi Fluidic Labeling module
are used for more than the recommended 10 alutions.

METHOD: Fresh fiuidics were praparad after every 10 elutions of the Ga-66 PSMA productions. For some of the Ga-
68 PSMAproductions, the fluidics were used for more than 10 elutions

The success of the elution was determined by calculating the percentage of waste activity to the product activity, Yield
= (Waste activity * 100)/Productactivity, This percentage was compared for the 1st and 2nd time fluidics were used and
the fluldios used greater than 10 times.

RESULTS: For fluidics number 1 & 2 the percentage range was from 0.76 to 2.56 with an average of 1.415
For fluidics used greater than 10 times the percentage range was from 0,65 to 4. 02 with an average of 1.27
CONCLUSION: The use of fluldics greater than the recommended 10 elulions in 8 105 GaBi Fluidic Labeling module
does nol have much impact on the production yisld of GaG8 PSMA. Thus the fluidics can be used for more than 10
alutions in unavoldable circumstances

PT-07: CT Dose Management in Nuclear Medicine: A Sketch

Authors:Ashutosh Pandey,Vandana Kumar Dhingra
Institute Name:Department of Nuclear Medicine, All India Institute of Medical
Sclences,Rishikesh

Correspondance Emailid:modisbanu@yahoo.com,anshuashutosh24 @amail.com

Background: Medical radlation is the commonest cause of exposure to lonizing radiation to general population and
hesalth professionals Hybrid imaging lechnigues like SPECT/CT and PET/CT account for a majority of radiation dose
burden currently. '

Purpose: The aim of thisarticle Is to provide CT dose management as level of appropriatness in Nuclear Medlcine.

Description: The signilicance inorease in the use of CT, alone or in combination with SPECT ar PET(Hybrid Imaging)
has a raised concern about patient radiation exposure and associated risk of canoer. This becomas more conoarming
paint in case of pediatrics and radiosensitive organs. Appropriate dose management and safety Is need of an hour in
Nuclear Medicine. We divided dose reduction methodologies into following four categories

1.Human Based- Radiologist and technologist ie. Justification of procedurs; awareness of technical methods)
2.Machine Based i.e. Appropriate seltings of Tube CurrentAutomatic exposure control, Tube potential, Beam
collimation, Pitch, Spead, CT dose malrics)

3.Software based 3D Reconstruction Algorithm (lterative raconstruction)

4.Protocol Based i.e. Appropriats organ based protocols.

Conglusion: Clinical application of CT has been revalutionized in medical imaging and plays an enarmous role in
routine Muclear Madicine with hybrd Imaging techniques. CT doss managemenl should be prme concem in
accordance with radiation protection to patients and health professionals. We should maintain just practices and
continuing education for awareness, develop protocols and skills of GT dose management in routine practice. We
propose four broad categories for understanding and developing methads of optimizing dose reduction. Far this
Nuclear Medicine Physlclsts and Technologist oan contribute ina significant way.

PT-08: To Compare the reliability and accuracy of Glomerular Filtration Rate
(GFR) calculated by the DTPA technique versus the ethylene
dicysteine (EC) technique.

Rahul KumarTripathi, Satyawati Deswal, Dhananjay Kumar Singh,
Shashwat Verma,Devesh Chandra Bhatt, Sandeep Kumar,

Navratna Kumar Singh , Dr. Ram Manohar Lohia
Inslitute of Medical Sciences, Lucknow

Introduction: Radionuclide evaluation of genitourinary system Includes estimales of renal perfusion and function.
To99m diethylentriaminepentaacatic acid (DTPA) is excreted almaost exclusively through glomerular filtration and
hence used farthe avaluation of glomerular fillration rate2. About 20% of Te98m-DTPA s extractad fram the blood with
each pass through the kldney . Less than 10% ofinjected DTPAs bound to plasma proteins, hence Te89m DTPALends
to underestimate Glomerular Flltration Rate (GFR).). The images acquired al high creatinine level are of poor quality
leading to fallacious results in patlents with impaired renal function. Tc-99m labelled agent mercaptoacetylirigicine
(MAG3) Is protein bound and |s cleared predominantly by the proximal fubules (85% ) with minimal filtration (less than
5%) and [t behaves much as radioiodinatedorthoidohippurate (OIH) doas. TC-98M MAGS produces much betler
Images than DTPA with an extraction fraction of 40% (o 50% (more than twice that of DTPA). Tc-899m sthylens
dicysteine (EC)6. a metabolite of sthylene cysteine dimer (ECD), is a new technetium-labelled renal tubular function
tracer Introduced as an altemative to ortho-iodohippurate (OIH) and with Imaging qualitles simllar to 99mTe-
marcaptoacetyltriglycine (MAG3I)WIithin 1 h 70% of 99mTe-EC Is excreled in the uring. ILis used used o measure
effective renal plasma flow (ERPF).GFR is 20% of ERPF.

94mTe-EC is produced by BRIT and It is available at a much lower cost compared to 89mTe MAG2.1t is available in
lyophilised kit form which can be easily prepared at room temperature, and the compound remains stable for atleast 8
fi. Both In normal individuals and in patients, plasma clearance of 99mTe-EC has been reported to be around 0.75 of
OIH clearance2.
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AlM:To compare the reliability and accuracy of Glomerular Filtratlon Rate (GFR) caloulated by the DTPA technigue
versus the ethylene dicysteine (EC) technique.

METHODS: The GFR obtained by the EC technigue is compared with the GFR obtzined by the DTPAtechnique, and
both is compared with the “goid standard” technigue of 24-hour urine Creatinine clearance.
Calegorical variables shall be compared wsing Mann-Whitney U-test. chi square test or Fisher's exact test
Caontinuous vanables shall be compared using I-tests ar ANOVA,

Regression analyses, receiver aperating characteristic (ROC) curves, as well as unl- and mulli-variate analyses will
also beemployed, as necessary.

RESULTS: The GFR estimaled with 99mTc-EC correlated beltar withGFR measured by 24-hour urine Creatinine
clearance. The GFR measured with 99mTe-DTPA was siatistically different from that measured with 24-hour uring
Creatinine clearance bul in some cases both (EC and DTPA) gave nearly same resulls.
COMCLUSION: The GFR estimated with 99mTc-EC is comparable with that measured with24-hour
urineCreatinineclearance, while the GFR values measured with 99mTc-DTPA presents a significant statistical
difference from that measured with 24-hour urine Creatinine clearance.

PT-09: When to add SPECT/CT to a Routine Whole Body Bene Scan in
Cancer Patients.

Sandeep Kumar, Satyawati Deswal, Dhananjay Kumar Singh, Shashwat Verma,
Rahul Kumar, Devesh Chandra Bhatt,Navratna Kumar. Dr. Ram Manohar Lohia
Institute of Madical Sciences, Lucknow.

Introduction:-in nuclear medicing department bone scintigraphy is performed frequently to identify skeletal
metastalic lesion. Maximum palient with skeletal pain shows abnormal uptake in bone scintigraphy. In whole body
scintigraphy we acquired an anterior and postanor projaction.

Purpose:-The abjeclive of present sludy was to access the value of addiliona! regional SPECT/CT for
correcterization of lesion detected on whole body scintigraphy and o trained/educate technologist o determined the
need of additional SPECT/CT aftar routing whole body scan,

Material and Methods:-This study group tomprised of 134 patients, out of which 47 were male and 87 females (Age
rangei3-85yrs). Between February2016 to April 2016 98 bone scan were performed. Out of 134 scan 51 patients
warewith normal scan and 83 patients were Banign, Equivocal or Mets.

Result:-Out of 134 scan 51 patienls were with normal soan and 83 pallents were Benlgn, Equivecal or Mels. The
rasults of this-study show that nuciear medicine technologists, alter & period of formal training, are able to decide
when an additional SPECT/CT examinalion is necessary after a whole-body bone scan.

Conclusion:-With the help of training/educate nuclear medicine technologist are able to determined the need of
additional SPFECT/CT after rouline whole body scan.

PT-10: AUTOMATIC DOSE DISPENSER: INITIAL EXPERIENCE
Navratna Kumar Singh, ,Satyawati Deswal,Dhananjay Kumar Singh ,
Shashwat VermaSandeep Kumar,, Rahul Kumar, Devesh Chandra Bhatt, Dr.
Ram Manohar Lohia
Institute of Medical Sciences, Lucknow

INTRODUCTION: Recantly many cenlers around the world have started using Autodispenser system lo reduce the
radiation exposure of person working In nuciear medicine: Also ILis important to maintain the standard for hot lab
procedures to optimize the patient care and minimize radiation exposure to all nuclear madicing personnal, patients
and public. Autodispensor is used to dispense and dilute the radiopharmaceutical automatically leading to a high
dispensing accuracy and with optimum radiation pretection.

AlM: The am of this study was to know lhe effectivensss in reducing the everall radiation exposure.
MATERIALS & METHODS: In this study four persons were involved and using the same radiopharmaceutical (39mTe-

MDP) & thay Injected the same no. of patients (10/person) with the same injected dose (20mCi per patient). The data
before using Autodispensar were placed in group 1 while data after using Autodispensor were placed ingroup 2. The
actual Injected radioisotope dosa of each patient was measured and the dispensing deviation was calculated,

RESULT: Positive result found, It s very much useful in significant dose reduction with high dispensing accuracy in
minimurn fime duration.

CONCLUSION: Efficient for the use in Hot Lab lo dispense and dilute the radiopharmaceutical automatically leading

PT-11: Optimization of dose of lithium to be used as an adjunct to
radioiodine therapy

Sanny Bhushan Kumar1, Ravi Ranjan Kumar2, V.D Chadha
1.HCG Cancer centre, vadadara
2.Centre for Nuclear Medicine Panjab University

Introduction: Radicioding therapy Is a nuclear medicine reatment for an overactive thyroid, a conditlan called
hyperthyroidism, and also may be used lo trezl thyroid cancer. When a small dose of radloactive iodine 1-131 (an
isotope of iodine that emits radiation) is swallowed, itis absorbed into the biood stream and concentrated by the thyroid
gland, where It begins destroying the gland's cells. Another hand Lithium, which has been experimented for its
adjunclive role o radioloding therapy, shows both positive and neaative findings in clinical trials (o maintain euthyroid
state Therefore, In the aim present study we optimized the dose of lithium in experimerital rat per Kg body weight so as
to be effectively used as an adjunctio 131! therapy.

Purpose :To assess the 4 hrsand 24 hrs %age uptake of 1311 in thyroid of rats treated with differant dose of lithlum,

Methods :Female wister rats weighting 180g were procured from Puniab university, Chandigarh. All procedures done
under ethlcal guidelines. Animals were segregated Into four groups. Groups-l were feed standard water ad libitum
while group 1|, 11, 1V were fed lithium at a dose of 10malky body weight, 20ma/kg body weight, 30mafkg body weight
respectively. Dose lithium was started one week prior lo radioiodine therapy and continued ancther Bdays.

Results: Study observed a highly significant increase in the % age uptake of 1311 atboth the time intervals of 4hrs and
24 hrg in the thyrofd of lithlum treated rats wher campared Lo the % age uptake in normal control animals.
Conclusions: The analysis concludes that lhe lowest dose of lithjum (10mgfiKg body weight) has been shown 1o be
affective in causing the preferred effect of increased retention of 1311 in thyroid but did not resulted in perfecting the
levels of thyroid hormones. Since, the higher dosas of lithium (20me/iKg body welaht and 30mg/Ka body welght) did
nal show significant difference in the uptake and retention of 131 when comparad to low dose group and slso resulled
In hypothyroid condilions as spaculated from the thyrold hormaona levels. The study proposes the low dose of lithium
viz 10ma/Kg body weight 1o be an effective and safe dose to be used as anadjunctto 1311therapy.

PT-12: Comparative evaluation of 24-Hour 131-l thyroid uptake by
Gamma Camera using High Energy Collimator with standard
Probe based method

Devesh Chandra Bhatt, Satyawati Deswal, Dhananjay Kumar Singh, Shashwat
Verma, Rahul Kumar, Navaratna Kumar, Sandeep Kumar,
Dr. Ram Manohar Lohia
Institute of Medical Sciences, Lucknow

Introduction: Thyroid uptake determination s the measurement of the fraction of an administered amount of
radloactive indine that accumulates in the thyroid at selected times follawing Ingestion,

Purpose: To make a quantitative comparison between 24-hr thyrold uptake calculated by thyrold uptake probe and
under Gamma camera and after administration of a diagnostic 1311 dose In patients with benign thyroid disorders.

Methods: Informed consent was taken from all the patients. This study group comprised of 20 patients, out of which 3
ware male and 21 females (Age range 25-50 yrs). These patients had benign thyrold disorders and were referred for
thyrold evaluation lo our depariment. A liquid form of 1311 (50pCI [1.86MBqg)) was administerad Lo patients with
adequate flushing of vial to ensure maximum oral administration of dose. The dose was prepared with the help of
pipetting technique and pre administration counts were take with aclivity places inside Lucite neck phantom. A 24,
B3




hour 1311 uptake was measured with the hielp of thyroid probe and also under gamma camera with patient lying supine
and detector al a distance of 25 cmi from the neck anteriorly. Pre and post 131-1 administration counts were take under
gamma cameara,

Result and Discussion: in 26 pallents oul of 30 patlents, the radiciodine uptake value measured by gamma camera
was around fifty percent of that measured by thyroid uptake probe. Tharefare by applying a correction factor we can
equate the uptake valus of probe method and gamma camera method

Conclusion: On the basis of precision in counting by thyroid uptake probe I lakes the edge over gamma camera

method. Therefore gamma camera method can never be an ideal substitute. Hence thyroid uptake probe method
cannot be replaced by gamma camera method.

PT-13: NUCLEAR MEDICINE ON WHEELS
Mitali kale, SOAHS, Manipal
INTRODUCTION-

Nuclear madicine Is a branch of molecular Imaging 1hat uses small amounts of radioadctive material lo
diag and cure diseases via therapy.

PURPOSE-

This Imaging madality is available only in & few selected cities of India.

The aim of this poster presentation is to put Nuclear Medicine on wheels:

1. Establishing NM department in remole arsas has many limitations.

2. Inconvenience of patients having to travel long distances to get disgnostic imaging from other health fagilitiss will
be ellminated.

3. Advantage ta bed ridden /severely ill patients .

4. RIA and In-vitro technigues like radioactive lodine uplake lests can be performed.

5. We carn not only disgnose the diseases bul aiso provide treatment such as 1131 far Thyrotoxicasis.

METHOD-

Many small portable or hand held gamma are te ciaglly a
medicine routine scans like Thyrold , Renal, Liver scan ele.

The. vehicle should bekmg to & base hoapltal which can be government ar privale. It should shock resistant It
should have small d g roam and 1 with dacay lank.

This vehicle can be used to supply radionuclides to the cities in which transport by road is more feasible and time
saving. Permission for transport of radiation should be sought.

Permission can be sought from competent authority for visiting hospitals where patients require NM scan.

As per AERS regulations, a technologist, RSO and NM physician should be licensed alsa the driver should be
trained for carrying radioactivity,

which perform general nuclear

Documentations requiramenlt should be taken care of by the RS0 and lechnologist. AERB compliances should be
satisfied and wise radiation safely measures;

CONCLUSION/RESULTS -

1. Treatment for the poor and needful Le 1131 therapy for Thyrotoxicosis.
2, Cost effectiveness.

3. Maore treatments leading heallhigr environment.

4. Boost lo Nuclear Medicine In Indian Scenario.

PT-14: Quantification Radiochemical purity (RCP) of a radio-pharmaceutical by
Gamma camera system.”

Authors: Prathamesh Rajai,Natasha singh, Amit Abhyankar.
Email id: rajB1sep@amail.com

Affiliation: Department of Nuclear Medicing, P.D Hinduja National Hospltal & MRC, Veer Savarkar Marg, Mahim,
Mumbai, Maharashlra, India,

Background/introduction:

Radiochemical purity (RCP): of a radio-pharmaceutical is defined as “the percentage of the total radioactivity present in
the desired chemical form |n & radioactive pharmaceutical’, Without acceptable RCF in a diagnestic radio-
pharmaceutical, image interpretation can be compromised which can resull in & delay of an accurale diagnosis and
unnecessary radiation exposure since the nuclear madicine sludy must be repeated. With & therapeutic radio-
pharmaceutical, an unacceptable RCP can lead to the radiopharmaceutical localizing in an unintended target; which
may resultin organ damage.

Chromatagraphy: is a procedure for separating the components of a mixture or solution, thus sllowing the
quantification of the desired compound and the impurities. The components of the mixture traveling thae farthest are
those that are most soluble in the solvant and least attracted to the stationary medium. In traditianal nuclear pharmacy,
the most frequently enc I Ive solid phase extraction ar |nstant thin-layer and paper
chromalography.

Purpose: Analysis of Radiochemical purity Quantification of Radiopharmaceutical by using Gamma Camera in
absence other recommended counting system.

Methods: Radlochemical purlty (RCP) quantification of 99mTc-DTPA, 89mTc-MDP and 88mTc-ECD (as per
procedure mentioned in BRIT QC manual) done by the G g Camera (Hawkeye 4 hybrid) and Well counter
{Capintec- -CRC 25W) and the Values were ana!ysad

Results: The guantification is as follows:

1) RCP 99mTe- DTPA: 87% using Gamma Camera & 98.5% using well counter.

2)RCPe8mTe- MDP: 97 % using Gamma Camera & 99.8% using well counter

3)RCP 98mTc-ECD- 87 20% using Gamma camera & 98.30% using wall countar

4} RCP 99mTe-MDP: 259 4% using Gamma camera & 32% using well counter (after 8-8 hrs. of preparation justto see
the result)

Conclusion{s): We conclude that in the absence of recommended counting system the Radiochemical Purity
quantification can be done by using the Gamma Camera and results were found satisfactory.

PT-15: Significance of reviewing a Sinogram data in Multiheaded Cardiac Spect

Analysis.
Upadhye Trupti, Malpani Basant, Rakshit Sutapa, Baghel Nawab singh
Radiation Medicine Centre Bhabha Atomic Research Centre

Introduction : The dally quality control test of gamma camera includes evaluation of pulse height spectrum and
unifarmily lesis. When these two are performed the physicist s generally assurad of the quality of the results obialned.
Similarly, when a SPECT study is performed the sinogram is usually used as a quality control parameter to check and
eorrect for patient motion, \We share our recent observations of altered sensitivity of deteclor responses brought out
upon careful evaluation of sinogram during routing analysis of cardise SPECT study.

Methods : The daily quality control of a SPECT gamma camera is performed by a photopeak check and unifarmity.
avalustion of each detector head, with flocd filled phantom containing 141 Ce. Patients were in]m:tad ~10mCi of
99 Te-MIBI and asked o take fatty meal afler 30 minules. A gated cardiac study was a¢quired B0 mins later, on a
SIEMENS Symbiae camera, in 64 X 64 matrix. for 34 projections from RAO to LPO for 40 secs/view.The sinogram
generated during processing was evaluated for correction of motion and quality of data. The photopeak and uniformity.
test for both detectors was repeated, The pholomulliplier tubes were tuned using PMT TUNING protocal by placing a
30uCi 99mTe point source at the center of the deteclor after removing the collimator The photopeak and uniformity
correction wers reanalysed and the patient's cardiacstudy re-acquired as described above.

Results : The baseline daily quality contral tests of gamma cameara were found to be within normal limits. The sinogram
data revealed a differance in intensity of the projections acquired for Head- 1 and Head-2. A repeat PHA thereafter with
standard 141Ce sourcs revealed shift in pholopeaks outside the given acceplable rangs limits and diffsrence in the
sensitivities of Ihe GC. After the luning procedure the | photopeaks reverted to normal window range centerad al 140
keW. The quality of sinogram improved post PMT tuning.

Conclusion: Photopeak in the photomulliplier ubes can drift due to various reasons like lemperalure changes,
voltage instability, humidity, angular motion, magnelic disturbances elc. leading to abnormal scan findings. Aleriness.
while evaluating sinogram as shown above can reduce the abberations inscan findings.
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PT-16: What is a difference when you have pet-ct in your facility.
S V RAMANA MURTHY

Several studies have shown an increase in radiation exposure among professionals in Nuclear Medicine since
intreduction of PET-CT scanner.-

Purpose; operating systems to minimize radiatlon professionals exposure .

METHODS: what are the factors influence the site evaluation for pet-cl shislding.
1} How to calculate shielding thickness of different matenals for scan room.
2) How to calculate shielding thickness of different materlals for UPTAKE ROOM.

CONCLUSION: Technologlsts receives dose can be minimized by proper operaling system and well layout site
plan.

PT-17: Radiation Safety consideration in Nuclear Medicine
Priyanka singh, Department of Nuclear Medicine, AIIMS. N. Delhi

Introduction: Radiation exposure of worker, patient and general public cannol be avoided in nuclear medicine
practice, where open sources of radiation are fied and fioisolope s administered in the form of

radiopharmaceutical resulting in the patient them sell becoming a source of radiation.

Aim and objectives: To make a balance belwaen health care sthics and radiation safely of radiation worker,
genaral public and environment 1o achieve ALARA,

Metheds: In nuclear medicine the choice of radiopharmaceutical is very important to determing important
parametars for protection, manitonng procedure, reducing absorbed dose to patient.

Personal monitoring :TLD is used for personal monitaring. all slaff, students should wear two sets of personalized
TLDs, as per the AERB guidetines (20 mSviyear) -

Lay out and shielding : Layoul of department should be designed as approved by the competent authority, radioactive
sources should be properly shielded and all equipment should be calibrated by certified agencies. Al facilities should
be separate comprising of independent radio pharmacy and post-injection waiting areas.

Radiation handling: Precautions are iaken during handling of radicisotope and injected patients o avold any
mishaps, which could lead o unnecessary radiation exposure.

Radiation survey, radicactive wasta management and disposal: Radiation survey s an integral part of radiation safety
to maintain the quality of work. Lead lined dust bins are used to discard radicactive wasles to maintain proper
segregalion and allowed to decay in the radioactive waste storage room for 10 hall-lives or below the prescribed limit

Result: There is no lower limit for radiation exposure that can be considered safe for humans. [t may bring daterministic
or stochastic sffects. It is considered prudent for public safsty to assume that every exposure to lonizing radiation,
carries small rigk.

Conclusion: The benefits of nuclear medicine procedures ara immense and certainly exceed the risks and
sludies are optimized to abtain the best image quality with the lowest radiation dose. In the coming years,
numerous efforts will have to be made in these areas o justify and optimise medical procedures using radiation.

PT-18: Radiation Hormesis: Evidences and Current Status
JAHANGIR HUSSAIN SHEIKH, SOAHS, MANIPAL

INTRODUCTION: Radlation hormesis is the hypothesis that low doses of ionizing radiation are beneficial, stimulating
the activation of repair mechanisms that protecl against disease, thal are not aclivated in absence of lonizing
radiation.

PURPOSE: The major sclentists working on radiation during the 1800s and early 1900s had already shown that low
level radioactivity was beneficial for living things. Plants and animals grew bigger, reproduced belter, had fewer
cancersand Infectious disesses and had a longer lifespan.

RESULT: Several recent studies sugges! that radiation sxposure, undar some circumstances, can be beneficial.
Epidemiological and expenimental evidence support the radi 1 hormesis p grm.

CONCLUSION: Living organisms, which have eslablished efficient defense methanisms against radiation through
3.8 blllion years of evolutionary history, can tolerate radiation at low dose rates  In fact, people have lived lor
genarations without adverse health effects in high background.

PT-19: Operational and Radiation Safety Aspects in a Newly Installed 18MeV
Medical Cyclotron
Sarita Kumari, S.C.Kheruka, Shivani Choudhary, Nilesh Sanker, Manish Dixit, Sanjay Gambhi

Depariment of Nuclear Medicine, Sanjay Gandhl Post Graduste Institute of Medical Sciences. Lucknow, India

Introduction: We have 18 Me (HM-18 Sumitomo Heavy Ind. Ltd) vaull-shisided medical cyclotron in the basement
of our PET facility. HM-18 Cyclotran Is-a fixed-snergy Isochronous cyclofron which accelerates negatively charged
hydrogen lons as protan (H-) to 18 MeV and deuteron (D-) to 10MeV. The cyclotron has two parts with eight target,
each side has four target to produce various radio isotopes such as 18F, 11C, 13N, 150, 18F2 gas. 84Cu, 1231, and
124/, Tha radiation exposures were measured |n the facility al various designated |ocations befare, dunng and aftar
Irradiation of cyclotron to assess the radiation safety slatusin the facility.

Purpose: To presant the rediation safety status before, during and after irradiation of cyclotron for the production of
18F-FDG.

Methods: Presently we produce 18F- lor the synthesis of 18F-FDG by following a setof protocol, current 40 pAfor40
min to: bombard the target. The 1BF- ions are produced by the 180 (p, n)18F nuclear reaction in 8 niobiurm tErget
assembly filled with 2,5 ml of enriched 180 water.During production the yarious operational parameters, ( baam
current, target pressure, He pressure. chilier lemp etc. ) which influence the yleld of 16F- production were also
monitored and maintain a record of any unusual events that may be occurred during the operation. The radiation
exposure levels atvanous designated locations within the facility wera monitored and recorded by using installed real-
lime an-line fully automated monitoring system (ROTEMS Medismart) as well as by portable radiation survay maltear
and neutron monilor.

Result: The radlation survey was successfully perdormed around the newly Instalied eyclotran and radiochemistry
laboratory area belore, during and after iradiation. The radiation exposure befors, during and afler iradiation was as
follows 0.1 to 0.7 uSw/h,0.3 10 1.8 uSw/h, and 0.1 to 0.8 pSwih. '

Conclusion: The radlation survey was successlully performed around the newly Installed cyclotron and
radiochemisiry lab. All the values are below recaommended levels of exposure.

PT- 20: Oasis Multi-Modality Applications [MI Register/SISCOM]

Shashi Duraiswami, Segami USA
Different imaging modalities such as CT, MRI, PET and SPECT are based on different physical principles and oapture
different but often complamentary information. Any clinical practice would benefit from an integrated visualization and
comblned analysiz of multimodality images. The abstract aims lo demonstrate use of Mutual Information based
Registration algorithm and a SPECT-MRI multimodality application in patients with aplispsy.

Background:

MR is the Investigation modality of cholce in patient with epilepsy as T1,T2 and flair images are crucial In increasing
the conspicuity of olherwise undstectable lesions. SPECT, a nuclear medicine Imaging technigua based on tha
knowledge of selzures causing increased ictal region cerebral perfusion and decressed interictal perfusion. A side-by-
slde visual analysis-of lctal and interictal SPECT images has limitations (doesn't aecount for differences in injected
dose, tracer decay) and |s subjective (user-depandent)

Purpose:

The alms of this paper is lo demonstrate use of multi-modality applications to find precise salzure focus in the braln of
aplleplic patlents with the help of SPECT and MR! images acquired on separale equipment
Materials and mathods

Qasis-M|Reglster lo automatically reglster medical data volumes from the same or different modallties, based ona
narmalized mutual infarmation algorithm.




YA
Oasis-SISCOM (SPECT-MR) application to provide a snapshot of the cerebral blood flow patierns during seizure and
show areas of hypoperfusgion inthe region of seizure foous in betwasn seizures (rast).

Results

The MIRagister user Interface allows for the control of parametars, such as thresholds for cortical activity, FOV
necessary to accomplish the registration. SISCOM application creates a fused reprasentations of regions of focal
activation with the structural information of the MR

Conclusion/Discussion

MiIRegister algorithm is pixel inlensity based (no need for anatomical landmarks) and therefore can be used forany
combination of modalities (SPECT, PET, CT. MRI) and is applicable to all body pars (e.g. Lung, Abdomen,
HeadiNeck), Expensive hybrid scanners, with long acquisition imes are n the nascent stage. A more effective and
low-cost multi-modality software solution might be the practical solution proving boon to both patients and clinicians.
Casis PET-CT for lung tumar detection, PET-CT-MR for localizing brain lesions, PET-MR fusions far prostate cancer
are Just a few other applications In Oasis.

PT - 21: Study of genotoxicity factors associated with
F-18 mediated diagnosis, an in-vitro approach

Tanmoy Mondal”, Amit Nautiyal’, Arnab Patwari', Amenti',
Subrata Kumar Dey', Deepanjan Mitra®
E-mail. biotanmoy@amail.com, Mobile: +319564508561

'Department of Biotechnalogy, West Bengal University of Technology, BF 142, Sector |,
Sall Lake, Kolkata 700 084, West Bengal, India
“Institute of Nuclear Medicine & Molecular Imaging, Advance Medical Research Institute,
Kolkata, West Bengal, india

There Is rising interesl in studying of radiopharmaceuticals drug in humans for potential diagnosis and
therapy of cancer and other disease. F-18is a radioisotope used in the medical imaging modality positron
emission tomography (PET). In the routine practice, It is synthesized into 2-deoxy-2-(18F) fluoro-D-
glucose, a glucose analog, with the positron-emitting radionuclide fluorine-18 substituted for the normal
hydroxyl group at the C-2 position in the glucose molecule. The present study was undertaken to evaluate
the genotoxicity effects of F-18 in isolated peripheral blood lymphocytes of human at different dose and
Incubation time period. DNA damage study was evaluated by comet assay and karyotyping method. The
comet study shows a percentage of tail length of about 11.85+3.24 and by the karyotype analysis, four type
of chromosomal aberration was identified in the control and experimental groups. Dicentric chromosomes
are more abundantly found from the other type of abnarmalities.
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. VON GAHLEN

VON GAHLEN IS A MODERN STATE-OF-THE-ART MANUFACTURER OF RADIATION SHIELDING
PRODUCTS. SINCE ITS FOUNDING IN 1973, VON GAHLEN HAS BECOME A INDUSTRY LEADER IN
RADIATION SHIELDING, PROVIDING THE NUCLEAR MEDICINE COMMUNITY WITH RELIABLE, HIGH
QUALITY PRODUCTS THAT MEET OR EXCEED INDUSTRY STANDARDS AND SAFETY REQUIREMENTS.
VON GAHLEN INSTALLATIONS MAY BE FOUND ALL OVER THE WORLD.

VON GAHLEN PROVIDES THE FOLLOWING PRODUCTS
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« Hot cells for spect » Shigtded glove baxes I ‘.
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