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From the Desk of Director Research

Therapeutic nuclear medicineisrapidly devel oping asan additional treatment modality. Oncol ogy applicationsof nuclear
medi cine have entered into anew eraasaresult of greater understanding of the biological characteristicsof tumors. Inrecent
years, there hasbeen greater emphasison “targeted therapies’, designed to affect only thecancerouscells. Therearecurrently
hundreds of new pathway-targeted anticancer agents undergoing phase Il and phaselll clinical trials. Targeted radionuclide
therapy isjust oneamongthecategory of “targeted therapies.” At present, effectivetargeted radiopharmaceutical therapeutics
havebeen devel oped and validated for afew tumor types, such asmalignant lymphoma; and many other tumor types. Theolder
nonspecific types of cancer treatments are still the dominant form of therapy.

Radionuclidetherapy ischanging dynamically. Monoclonal antibody therapiesfor non-Hodgkinslymphomausing1-131;
orimagingwithIndium-111, followed by yttrium-90, arethenext waveof anew generation of therapies. Thebasisof radionuclide
therapy issimply theplacement of theradionuclideinintimate contact with thetarget tissue. Particularly if short-rangeparticle
emitters are used, the absorbed dose to the target is very high as compared to non-target tissues. The route of administration
may also posedifferent radiation safety issues. Oral or intravenous administration of radionuclidesisvery common, but other
methods of administration also exist, such asinsertion directly into abody cavity.

Radionuclidesarea sogainingincreasingimportanceby providing palliativeand curativetreatment in anincreasing number
of malignant diseases. Mgjority of radionuclides used in radionuclide therapy emit beta particles which have alow range of
tissue penetration. A few emit auger el ectronsand al phaparticles, and several othersemit gammaraysand X-raysduringtheir
decay. The most successful radionuclide for thyroid therapy uses lodine-131 as the nuclide for the treatment of benign
hyperthyroid conditions, thyroid carcinoma, and peptidoreceptor radionuclide therapy (PRRT) for Neuroendocrine tumors.
Both of which are successfully practiced.

The present issue of Cancer News'Nuclear Medicine: Beyond Diagnostic" highlightsthe newer advancesin thefield of
Radionuclide Therapy in cancer and featurestheregular articles, such asSpecial Feature, Guest Article, Perspective, InFocus,
Research and Development, New Technol ogies, Globe Scan, In Focusand Clinical Trial.

We are grateful for the contributions made by Dr V Rangarajan, Prof & Head, Dept Nuclear Medicine, TataMemorial
Hospital, Mumbai; Dr Sze Ting L ee, Dept of Nuclear Medicine& Centrefor PET, AustinHealth, Heidelberg, Melbourne, Victoria,
Australia; and Prof CornelisA. Hoefnagel, Dean School of TheranosticsWARMTH; Head, Dept of Nuclear Medicine[Retd],
Netherlands Cancer Institute, Amsterdam, The Netherlands.

Suggestions/ comments from the readers are welcome.
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SPECIAL FEATURE

OVERVIEW OF PET/CTIN RADIOTHERAPY
PLANNING

Introduction

Positron Emission Tomography (PET) istheuseof
radiopharmaceutical slabelled with positronemitters
(radiation) tostudy physiologic processesinthebody.
ThisisopposedtoCT whichprovidesthree-dimensional
anatomical detail. Thecombinationof PET andCT inan
integrated scanner since the 1990’ s has allowed the
fusionof physiologica andanatomical informationonthe
diseasetobeviewedinoneimage, andcan, therefore, be
usedinradiotherapy planning. Themost useful utility
of PET hasbeen improved staging, restaging and
therapeuticmonitoringof thedisease. PET imagingwith
variousradiotracerstakesadvantageof thephenotypic
changesthat occur in cancer cellstoidentify protein/
receptor expression and metabolic changes that are
specificfor tumorsor areoverexpressed comparedto
normal tissue.

Sincethe 1920s, cancer cellshave been shownto
demonstrateanincreasedrateof glycolysis, requiring
moreglucose. Fluoro-2-deoxyglucoseismolecularly
similar to glucose whichistransported into cellsvia
GLUT1 receptors, where it is phosphorylated by
hexokinase but remains trapped within the cells as
fluoroglucose-6-phosphate which cannot enter the
glycolyticpathway. Whenlabe edwith*®F, themolecule
isabletobedetected by PET scanner whichisincreased
in tumor cellsdueto increased GLUT1 receptorsin
tumour cells. ¥F-FDG PET hasbeen shownto bethe
most accuratenon-invasivemethodto detect and stage
many typesof cancers Thishasresultedintheimprovement
of patient management, avoi dingunnecessary trestments
andassociated morbidity and costs.

Radiotherapy istheuseof ionizingradiationtotrest
cancer by targeting cancer cellsinaparticul ar radiation
field. Although thisinevitably includesnormal cells
surroundingthecancer cdlls, thenormal cellscanrecover
fromtheradiation, but notthecancer cells. Radiotherapy
isusudly givenwithcurativeor paliativeintent, andthe
dose given does depend on tumor type and the
surrounding tissues/organs. The advancement of
technol ogy toincorporatebothstructural imagingwith

Fig 1: Example of 3D conformal radiotherapy. Higher
doses provided to the tumor (orange) than surrounding
tissues in the treatment field

CT or MR, either inthe samescanner systemor with
software registration, has allowed the integration of
functiona imagingobtainedonPET withgtructurd imaging
provided by CT or MRI, to enable image-guided
radiotherapy (IGRT).

Radiothergpy planninghasevolvedovertime, initidly
withtheuseof conventional x-ray whichmimicsoptical
and alignment propertiesof alinear accel erator, with
contoursdone a ong the central axisof the beam and
digitizedinto thetreatment planning computer. This
includesstandardexterna beamradiotherapy, conformal
3D-radiotherapy andintensity modul ated radiotherapy
(Fig 1). In conformal 3D-radiotherapy, there is no
variationinintensity acrosseachbeam. Morerecently,
there has been an explosion in the use of “Intensity
Modul ated Radiotherapy” (IMRT),inwhichadvanced
3D high precision radiotherapy is provided using
computer controlledlinear accel eratorstodeliver precise
dosestospecificareaswithinatumor. Thedoseconforms
moreprecisely toa3D shapeof thetumor by controlling
theintensity of the radiation mean in multiple small
volumes, andallowstheconcentrationof certaindoses
withincertainareasof thetumor, whilstminimisingthe
dose to the surrounding normal tissue. The ratio of
normal to tumor tissue doseisreduced, resultingina
higher and moreeffectiveradiationdosetotumor, with
fewer sideeffects. IMRT ismost extensively used to
treat prostate, head & neck and CNSmalignancies, with
Increasinguseinother solidtumors.

PET in Radiotherapy Planning

Theuseof FDG PET imaging hashad asignificant
impact on approximately 30-50% of disease

3
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Table 1: Non-FDG PET Radiopharmaceuticals Used in Oncology

Radiopharmaceutical

Tumour Biology

Clinical Applications

BF-FDG

Glucose M etabolism

All tumours

1C-methionine
1“C-choline

BF-DOPA
8F-methyltyrosine (M ET)

Proteins/amino acids

Brain tumour

Prostate cancer
Carcinoid tumour

M usculoskeletal tumour

18F-thymidine (FLT)

DNA Proliferation

Treatment response (all)

18F-annexin V

Apoptosis

Treatment response (all)

18F-misonidazole (FM 1SO)

Hypoxia

Radiation planning (all)

18F-estradiol

Receptor binding

Breast cancer

18F-acetate

M embrane/lipid synthesis

Hepatocellular carcinoma

management?, particularly intheappropriatenessand
typeof surgery, chemotherapy or radiotherapy inpatients.
PET/CT hasbeenthemodality withthemost significant
effectonradiothergpy planningrecently, withanestimated
55-60% of patientswho havefunctional imaging, have
potential changes in the target volumes and/or dose
digtributionparameters. Whilstthismostcommonly refers
to FDG, other radiopharmaceuticalsare also used to
assess underlying tumor biology (Table 1), whichis
beyond the scope of this article. PET/CT has been
showntoimprovedisessediagnosi sandstaging, assistin
tumor volumedelineation, definetumor phenotypeor
biological tumor volumes, to assesstreatment response
andin-beammonitoringof radiationdosimetry (Table2).

Theuseof 3D conformal radiotherapy hasresultedin
aneedtoidentify theoptimal viabl eregionsfor boosting
radiation dose. PET has emerged as one of the most
accuratemethodstoidentify viabletumorinmassesseen
on CT/MRI, and the incorporation of PET data into

trestment planninghasbeenshowntoimprovetheaccuracy
of doseddivery andoutcomesintrested patients. ¥FFDG
PET hasbeenshowntoimprovetarget volume, andassist
in avoidance of relapse due to undiagnosed nodal or
distant metastases, inarangeof tumoursincludinglung
cancer and head and neck cancer (Fig 2) 4.

Inaddition, theincorporationof PET/CT datadirectly
into radiation treatment planning systems has been
demonstrated to markedly improve the accuracy of
radiationdelivery totumour. Thisisanareaof continued
developmentanditislikely that PET/CT will havean
increasingly importantroleinradiotherapy of malignancy
inthefuture.

PET-basedtumor volumesarestrongly affected by
thechoiceof thresholdandresultingignificantchangesin
target radiationdose®. Variousmethods, includingan
automated contouring functionbased onprogressively
greater thresholdlevelsto the co-registered PET/CT
Imagesof eight head and neck cancer patientsandtoa

Fig 2: PET/CT for staging in a patient with non-small cell lung carcinoma, where a subcarinal node (arrow) was
identified on PET/CT.
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phantom containing6 FDG-filled spheres, andintensity-
modulated radiation therapy and boost plans were
developedforal GrossTumour Volumes(GTV). There
isasignificant effect on GTV asaresult of choice of
thresholdlevel whichtranslatedintosignificant dose
variations. However, routinetherapy plansincludea
marginaroundtheGTV toallow for microscopicextent
of disease(Clinical Tumour Volume—CTV),followed
by afurther margin aroundthat toinclude day-to-day
variationsinsetup, knownasPlanning Tumour VVolume
(PTV)whichistheprescribed dose®.

Inhead and neck carcinoma, IMRT isshowntobe
most promising, enablingthedelivery of complex dose
distributions, at multipledose of and at different risk
regions, whilst sparing critical structuresnearby (eg.
carotid artery). It has been shown to be excellent for
locoregional control andfor identifying or excluding
nodal metastasis’.

Innon-small cell lung carcinoma, adoseof >70Gy
withconventiond fractionationisrequiredforlocal control,
withthedoselimiting organsbeingthenormal lungand
spinal cord. However, withIMRT, dosesof 10-20Gy
tothenormal lungarepossible, resultinginnosignificant
lungtoxicity. Severd physicsanddosimetry studieshave
compared3-D CRT and IMRT treatment plansfor the
treatment of locally advanced lung cancer, with the
resultingdosedi stributionsand dosevol umehistograms
showing better sparing of normal tissueswithIMRT,
thereby enablingtodeliver lower dosestothehealthy
lung, oesophagus, heart, and spinal cord®°. Inaddition,
higher doses of radiotherapy deliveredto the cancer,
result in improved local cancer control **2. Newer
techni quessuchasstereotacticbody radiotherapy, use
extremehypofractionation schedul esand strict target
margins(to~0.5cm) withgoodresults.

The most significant issue concerning providing
radiotherapy tothelungisthat respiratory motionand
general setuperror resultsinasignificantly larger PTV,
asthe PTV margin must be drawn to encompass the
entire range of motion. More recently, methods to
reduce the effect of respiratory motion have been
deve opedind udingbresthholdduringtrestment,“ gating”
inwhichthebeamisturnedonor off insynchwiththe
respiratory cycle®, and“tracking” inwhichthebeam
followsthe tumor based on imaging technology **°.
PlanningisperformedusingadD CT,ie, aCT that takes
multi plevolumetricimagesand sortsthemaccordingto

thebreathing cycleto producea3D movieloop, andthe
4" dimensionreferstotime?®. Similar technology is
currently beingappliedtoPET/CT systems™*8, Internal
target volumes generated from 4D-PET MIP better
matchthan CT-MIPcomparedtoungated PET images,
based onthemetricsof volumetricoverlapandrelative
volumesandvisual interpretation®®. Respiratory gated-
PET/CT inlung cancer canaffect thevolumeand shape
of PTV, asdemonstrated by the assessment of gated
PTVsoutside standard PTV. Therefore the use of a
gatingtechniqueisthuscrucia for better delinesting PTV
by tailoringthetarget volumetotheles onmotioninlung
cancer patients?®,

Inthegastrointestinal system, FDG PET hasbeen
most commonly usedtostageand monitor thetrestment
of oesophageal carcinoma and rectal carcinoma. In
oesophageal carcinoma, theadditionof FDG PET has
resultedinachangeof tumor volumein57% patients,
whichcouldhavepotentialy resultedinunderdosingand
ineffectivetreatment 2. Inrectal carcinoma, notonly has
theinclusion of FDG PET resulted in the changein
staging and tumor delineation, when the PTVswere
comparedtoM RI-generated PTV s, thePET-generated
PTVs aso had a better correlation with complete
pathological response on subsequent resection .
Increasing use of IMRT in the treatment of rectal
carcinoma has seen the prescription of focal dose
escalationtoFDG-avidregionswhileprovidingnormal
tissue protection in patientswith postoperative local
recurrent rectal cancer %.

Ingynaecol ogical cancers, theprimary useof FDG
PET has been in treatment planning of cervical and
endometrid carcinomas, particularly by detectingpositive
pelvicand para-aorticnodes®+?, IMRT planningusing
FDGPET cand soaffectthedefinitionof primary tumour
incervical carcinoma?"?8 whilst FDG PET hasalso
beenusedtoass stintarget definitionfor brachytherapy®.

Accurateandearly assessment of responsetotherapy
iscrucial inthecurrent practiceof oncology, whichis
principally being performedwith*®F-FDG. Accurate
evaluation of response to both chemotherapy and
radiotherapy, which often occursprior to anatomical
changeson CT scans, havebeenreportedinmany tumor
types, includingglioma, colorectal, non-small cell lung
carcinoma, lymphoma, head and neck tumors, and soft
tissuesarcomas®*>*. PET can provideinformationon
responsetothergpy earlierthanmaost conventiona imaging




CANCER NEWS

JUNE 2014

b

b

Fia Ny

i |
# I"'.

Figure 3: Patient for head & neck radiotherapy in
planning mask, on flat bed and laser positioning in place

techniques, thereforeproviding earlier confirmation of
theefficacy of the chosen treatment, or alternatively
allowinganearly changetodternatetrestmentsthat may
havebetter efficacy andsurvival. Thetimingandreligbility
of ¥F-FDG PET studiesin predi ctingtumour response
Is the subject of numerous prospective studies. The
implicationsof thisapproacharesignificantintermsof
optimizingtreatments, minimizingunnecessary morbidity
andreducingcosts.

Practicalities of PET/CT in Radiotherapy Planning

Inorder to maximizetheuseof PET inradiotherapy
planningandtrestment, therenesdstobead asecollaboration
between the PET and radiotherapy departments, with
jointly devel opedimaging protocol sincorporatingthe
optimal requirementsof aPET scanfor thesepurposes.
For starters, physical co-locationiscritical toallowfor
exchange of knowledge between personnel, use of
ancillary equipment and commonimaging protocol sand
easer datatransfers. Thiswill notonly improvepatient
experience, but improve geometric accuracy with
potentially higher cureratesand ultimatecost savings.

Theinventionof hybrid PET/CT scannersisidesal for
imageguidedradiotherapy planning. Itallows’ perfect’
Imageco-registration, whichisreproduciblewithlasers,
placement of fiducial markersandtemporary/permanent
tattooing asappropriate. Thereneedstoberegular and
closeinteractionbetweenthedepartment personnel to
devel opimaging protocols, co-registration of images,
accuratedeterminationof tumor volumes, tumor staging,
andovera | management deci sionswithinthecontext of
amultidisciplinary environmentisal soimperativeof
optimal patient trestment and management.

Table 2: Role of PET/CT imaging in
Radiotherapy Planning

Tumour staging (up or down) - change in treatment intent

Treatment field modifications - inclusion of locoregional nodal disease
Localised symptom control

Sites or residual or metastatic disease

Therapy response evaluation

Thereareaspectsof usinghybrid PET/CT scansfor
radiotherapy planningwhichneedtobeconsidered, the
mostimportant beingcontouring, whichrequiresdetailed
protocol consistent co-registration with suitable
windowing of theimagesin consultationwithanuclear
medicinephysd cianinorder torecogni Sevari OUSProcesses
which may lead to FDG uptake (such as infection,
inflammation, phys ol ogicbrownfat activity, movement
artifacts, etc). Theability torecogniselocal treatment
failureisa soextremely important. Considerationmust
also be given to the use of contrast (1V or oral) for
radiotherapy planning of several tumour siteswhich
improvestheaccuracy of PET/CT inspecificscenarios.
Inparticular, diagnosticquality, multiphaseCT imaging
acquisitionmay needtobecons dered, withlow density
oral contrast agentstobeusedtoaidintheeval uation of
gastrointestinal FDG uptake.

Logistically, patientswith specific probability of
requiring definiteradiotherapy arebookedfor PET/CT
scan on the sameday asaradiotherapy appointment.
Thepreparationfor thePET/CT isthesameasforaroutine
PET/CT. The patient is positioned in the radiotherapy
treatment positionontheflattopradiotherapy planning
table, withlocalizationlasersandimmobilizationaids
integratedintothescanner (Figure3). Other aidssuchas
skinmarks(tattoos), internal contrast, temporary skin
fiducials or positioning aids, can also be utilized.
Acquisition protocol sareoptimisedtoallow accurate
PET/CT fusionand dataset transfer totheradiotherapy
planningworkstation, for theradiotherapy teamtouse
for planning. New generationhybrid PET/CT scanners
can alow for lower doses of FDG and low dose CT
scanstobeused moreregularly for treatment planning.

Conclusion

PET/CT scanshaveacrucial rolein radiotherapy
planning, withtheability toimprovestaging, improve
target delineation, and reducethedoseto surrounding
normal tissue. L ogisticsandclosecol laborationbetween
the PET department and radi otherapy departmentsare
crucid toaneffectivesetup. Whilstnon-FDGradiotracers
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havenot beendaboratedinthisarticle, novel radiotracers
improvetheunderstandingof underlyingtumor biology
whichalowsspecifictargetingof targettumors, potentialy
leadingto better patient outcomes.
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GUEST ARTICLE

TARGETED METABOLIC THERAPY OF
NEUROENDOCRINETUMORSBY I-131 MIBG

Historical Perspective

The development of radionuclide therapy for
neuroendocrinetumorsby metabolictumor targeting
withradioiodinated meta-iodobenzylguanidine(MIBG)
datesback tothe1960' s, whenProf WilliamBe erwaltes
and colleaguesat theUniversity of Michiganworkedon
the devel opment of tracersfor theadrenal cortex and
medulla and the heart. Using **C-epinephrine for
neuroblastoma (1967) and *C-dopamine for
pheochromocytoma(1973)initially, they switchedto
radioiodinated bretylium analogs and quaternary
ammoniumderivativesfor thepurposeof imaging. In
1980, theimaging of thedog’ sadrenal medullaby 31 -
para-iodobenzylguanidinewasdescribedandin 1981,
Sisson et a reported the scintigraphic diagnosis of
pheochromocytoma in man by **l-meta-
iodobenzylguanidine(MIBG).

Subsequently, *11-MI1BGwithlow andhighspecific
activity (forimagingandtherapy, respectively) became
commercialy availablein Europeandsince 1984 on,
several groups have reported its successful use for
scintigraphy and therapy of pheochromocytoma,
paraganglioma, neurobl astoma, carcinoidtumorsand
medullary thyroidcarcinoma. In1987, % -labeledMIBG
becameavailable, which had betterimagingproperties
allowing SPECT. This proved to be agood cardiac
agenttoo, asaspecifictracer for sympatheticinnervation
of the myocardium. By 1999, combined therapeutic
resultsin534 patientsdemonstrated obj ectiveresponse
ratesof around 50%inmalignant pheochromocytoma,
paraganglioma, aswell asinchildrenwithneuroblastoma,
refractory to other formsof treatment. In contrast, in
carcinoid tumors and medullary thyroid carcinoma,
objective reponses were far fewer or even absent,
although stabilizationof disease, metaboliceffectsand
palliationwereobservedinabout 60% of thepatientsas
a soassociatedwithsignificantly prolongedsurvival.

Targeting Mechanisms
Neuroendocrinetumors, likepheochromocytoma,

neuroblastoma, carcinoid, paraganglioma,
chemodectoma, medullary thyroidcarcinoma, idet cell

tumors, gastrinoma, small cell lung cancer, melanoma
andMerke cdll tumor, vary considerably intheirclinical
presentation, location and histology, but do have in
commontheirorigininthesameembryonictissue,i.e.the
neural crest. Therefore, they express severa unique
characteristics, which may be utilized to target
radiopharmaceutical s, bothfor diagnosisandtherapy of
thesetumors[ 1]. Specifictargeting of neuroendocrine
tumorsmay beachievedviathemetabolicroute(MIBG),
receptor binding (peptides) or theimmunol ogical route
(antibodies).

Both 23- or #1-MIBG and *!In-pentetreotide,
being sensitiveand highly specifictracers, arethemost
widely used. Comparative studies demonstrate the
complementary roleof theseprocedures[1].

Anactiveuptake 1 mechanismat thecell membrane
and neurosecretory storagegranul esinthecytoplasmof
neural crest tumorsareresponsiblefor theuptakeand
retentionof 123|- or 3!l MIBG, respectively. Although
the radiopharmaceutical may be released from the
granules, reuptake through this specific mechanism
maintainsprolongedintracellular concentration, incontrast
tononadrenergictissueswhichrely onpassivediffusion
only; thisresultsin high tumor/non-tumor ratio’s. A
number of drugsmay in-ter-ferewiththeuptakeand/or
theretentionof MIBG.

Adrenergic Radiopharmaceuticals for Imaging
and Therapy

For conventional scintigraphy of thewholebody,
either Z1-MIBG (a-emitter, TmyS:13h, photonenergy
159 Kev) or *1-MIBG (p/y-emitter, T , =8d,
photonenergy 364 KeV) may be used. 2I-MIBG
scintigrams have better quality and results are more
readily available, whereas™!1-M|BG enablesdel ayed
imagingover severa days, SPECT/CT using®I-MIBG
enables improved detection, as well as accurate
localization of neuroendocrinetumor sitesby hybrid
imaging.

PET/CT and/or PET/MRusingnovel, specificPET
tracers, e.g. *!I-MIBG, *'C-hydroxyephedrin, 6-'8F-
dihydroxy-phenyl-alanine(DOPA), **C-5-hydroxy-
tryptophan (HTP), are currently the most accurate
diagnosticmodalitiesfor neuroendocrinetumors, linking
great sensitivity and specificity withhighquality hybrid
imaging. *¥F-fluorodeoxyglucose (FDG) thoughdoes
not havehigh degreeof specificity, but canbeusedto
detect dedifferentiating, rapidly growingtumors.
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For therapy of neuroendocrinetumors, highdosesof
1311-MIBG may be applied when tumors have ahigh
concentration and prolonged retention of this
radiopharmaceutical.

Diagnostic Scintigraphy

Thecumulativesensitivity of *2I-or*3-MIBG
scintigraphy in patientswith pheochromocytomais
88% [1].Although CT and MR imaging of adrenal
masses provide better anatomical detail to the
surgeon, apositive MIBG scanisahighly specific
finding. Thescintigraphictechniqueissuperior for
localizing extraadrenal, recurrent, multifocal and
malignant disease[2].

As92% of neuroblastomasconcentrateM I BG, 1/
131-MIBG scintigraphy all owsthedetection of primary
tumors, residual or recurrent disease and metastases,
regardless their localization, in a single procedure.
Togetherwiththeurinays sfor catecholaminemetabolites,
MIBGimagingisthemost sensitiveandhighly specific
indicator of neuroblastoma[ 3]. Theuptakeof MIBGis
sotissuespecific, thatinachild presentingwithatumor
of unknown origin *21/*3 MIBG scintigraphy can
noninvasively establishthediagnosisneuroblastoma,
andruleoutdifferential diagnoses,e.g. WILMS tumor,
EWING sarcoma, rhabdomyosarcoma, osteosarcoma
andmaignantlymphoma[4].'%1/%4 MIBGscintigraphy
hasan establishedroleinthestaging of diseaseandasa
parameter inthecriteriaof response.

In patientswith carcinoid tumors, the cumul ative
sengtivity of **In-octreoti descintigraphy ishigher than
that of -MIBG scintigraphy (86% and 70%,
respectively) [1] andis, thereforepreferredforinitial
diagnosis. Combined useof bothtechniquesmay serve
asakey totherapy.

1231 1131 -MIBG scintigraphy may also be used for
medullary thyroid carcinoma(athoughthecumulative
sengitivity isonly 35%) andisuseful for thedetection of
ganglioneuroma, paragangliomaand chemodectoma; it
isof limitedor nouseinother neuroendocrinetumors(1].

Asahighly specificprocedurefor neurd cresttumors,
B-MIBGscintigraphyisvirtually awaysnegativein
non-neura crest tumors, unlike scintigraphy with
radiolabeled peptides[1,4].

For many indications, PET/CT using ¥F-DOPA
and'C-HTP[5]istakingover thediagnosticrole, with
highsengitivity andspecificity andgrest anatomica detall.

Indications/Contraindications for “'I-MIBG
Therapy

Any mdignantneural cresttumor, showingsufficient
uptake and prolonged retention of *1-MIBG on a
diagnostictracer study (ideal ly >1% of theadministered
dose, depending ontumor volume), isacandidatefor
radionuclidetherapy. Apartfromtracer concentration,
theavailability andfeasibility of other trestment modalities,
aswel| asthepatient’ sconditiondeterminetheindication.

Theprincipal indicationsfor **1|-MIBGtherapy are
malignant pheochromocytoma and paraganglioma,
neuroblastoma stage 111 and 1V, medullary thyroid
carcinomaandsymptomatic, metastaticcarcinoidtumors.
Contraindicationsfor radionuclidetherapy ingeneral
are: pregnancy, continued breast feeding,
mye osuppressionandrend failure. Inaddition,anungable
conditionof thepatient, notallowingisolation, aswell as
lack of understanding or cooperationwithrespecttothe
radiation protection guidelines are relative
contraindications.

Malignant Pheochromocytoma and Paraganglioma

The aim of *3![-MIBG therapy may be objective
tumor volumereduction (completeor partial response),
tumor arrest (stabilization of previously progressive
disease), reducingthetumor’ smetabolicfunction (asthe
prognosisinpheochromocytomamay depend onlong
term consegquencesof catecholaminehypersecretion,
whichmay actually prolongsurvival), and palliation of
symptoms (e.g. hypertension, bone pain, sweats or
congtipation) [6].

In 1999, the EANM Radionuclide Therapy
Committeegatheredresultsof *31|-MI1BGtreatmentin
534 patientswithneural cresttumors, amongwhom77
with malignant pheochromocytoma and 34 with
paraganglioma (Table 1). The cumulative objective
responserateswithrespect totumor volumewere51%
and 48% respectively, more than 50% decrease in
catecholamine excretion was observed in 68% and
51%, whilesymptomatic palliation occurredin 68% of
thepatients. Theseresultscomparefavorably withthe
best reported resultsof combination chemotherapy and
wereattainedwithas ngleagent trestment, whichisnon-
invasiveandassociated with minimal sideeffects.

Alsoinmaignant paragangliomal onglagting objective
responses have been reported, both in secreting and
non-secretingtypes.
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Table 1.

Pooled results of *'I-MIBG therapy (EANM Radionuclide Therapy Committee, 1999)

Disease Patients

Objective response:
tumor volume

Subjective response:
palliation

Objective response:
biochemical

Phechromocytoma 77 51% 68% 68%
Paraganglioma 34 48% 51% 70%
Neuroblastoma 229 51% na. most patients
Medullary thyroid ca. 29 23% 60% 60%
Carcinoid 159 8% 24% 60%
Other 6 2/6 na. na

TOTAL 534

Recently publishedresultsin20patientswithmaignant
pheochromocytoma or paraganglioma treated with
moderate administered doses (7.4 GBq) at the
NetherlandsCancer | nstitute (objectiveresponse47%,
metabolicresponse67% and subj ectiveresponse89%)
[7] comparewel | with those reported by the group at
DukeUniversity, Durham, whotrested 18 patientswith
moderatedoses(7.4GBq) and 15withhighdoses(18.5
GBQ) (objective response 38%, metabolic response
60%, subjectiveresponse86%) [8]. Moreover, itwas
demonstrated that both a metabolic response and a
subj ectiveresponsemay haveanimportantinfluenceon
survival and quality of life, even in the absence of
objectivevolumeresponse.

Neuroblastoma
Since 1984, therapeutic doses of **!1-MIBG have
beenadministeredtochildrenwithmetastaticor recurrent

neurobl astomafailing conventional treatment. 1n 1999
pooled results of the major centres (229 patients)

Meurcoblastoma: MIBG upfront

G@irl, 15 yrs, with thoracic neuroblastoma stage IV
{lymphnode and bone metastases)

= partial remission (X: 0% reduction)

= =05"% surgical resection

5

)

~3
A

oclober 89

indi cated an objectiveresponserateof 51% (Tablel).
Most of these patients had stage 1V, progressive and
intensely pretreated disease, andwereonly treated with
131-MIBG after other treatment modalitieshad fail ed.
Boththe®!I-MIBGthergpy andtheisol ationaregenerdly
well tolerated by children; hematol ogical sideeffects
may occur. Apartfromobjective response, thepalliative
effectwasoftenimpressive. For patientswithrecurrent
and progressivediseaseafter conventional treatment,
11 MIBGtherapyisprobably thebest paliativetrestment
astheinvasivenessandtoxicity of thistherapy compare
favorably withthat of chemotherapy and externa beam
radiotherapy[14].

Morerecently, 31| MIBGtherapy hasbeenintegrated
inthetreatment protocol astheinitial therapy instead of
preoperative combination chemotherapy in children
presenting with advanced disease/inoperable
neuroblastoma. The objectiveisto reduce the tumor
volume, enabl eadequatesurgical resectionandtoavoid

v
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toxicity andtheinduction of multipledrug resistance.
Chemotherapy is reserved to treat minimal residual
diseasepostoperatively. Initia resultsdemonstratedthe
feasibility and effectivenessof thisapproach: ahigher
objectiveresponserate (>70%) and considerably less
toxicity compared to **I-MIBG therapy after
conventional treatment [10]. By 2001, resultsin 56
patientsshowedthat *3!|-MI1BGisequally effectiveas
chemotherapy inattai ningoperability of neuroblastoma:
43 of 56 evaluable patients (77%) had complete or
>95% resectionof theprimary tumor or didnot require
surgery atdl. Atfollow-up(ranging 13-144months), the
5-year survival rateis37%. Based upontheseresuilts,
upfront*31-M1BGtheragpy wasintegratedinthetreatment
of neuroblastomaintwoways: patientswithfavorable
parametersreceiveal essaggressivetherapy, conssting
of 2cyclesof **!-MIBGfollowed by surgery, whereas
inpatientswithunfavorableparameters(highrisk group)
the®®!1-M1BGtherapy isintensifiedand combinedwith
thetopoi somerasel inhibitor Topotecantoenhancethe
radiationinducedcytotoxicity.

Comparedto®*!l-MIBGtherapy after chemotherapy,
upfront*![-M1BGtherapy hassignificantly lesstoxicity,
themost frequent sideeffect now being nausealvomiting
(21%) andgradel V hematol ogical toxicity inlessthan
5% of patients.[11].

Carcinoid Tumorsand Medullary Thyroid Carcinoma

Pdlliativetreastmentsfor metastati ccarcinoidtumors
includelong-acting somatostatinanal ogs(Sandostatin),
aphainterferon, hepaticartery embolisation, 34 -labeled
and unlabeled MIBG, and ®Y- or Lu-labeled
octreotidetherapy.

Cumulative results of **!I-MIBG therapy in 159
patientswith symptomati c, metastati c diseaseshow an
objectiveresponserateof only 8% and>50% decrease
in 5-HIAA excretion in 24% (Table 1). Despite the
absenceof objectiveresponse, palliationoccursin60%
of patientswithout significant sdeeffects. Inview of the
oftenindolent character of thisdisease, thevalueof a
prolonged symptomatic response should not be
underestimated: inastudy at DukeUniversity Medical
Center, involving 98 patientswith metastati c carcinoid
treatedwith*3!I-MIBG, subjectiveresponsewasfound
tobecorrelatedwith prolongedsurvival.

In carcinoid tumors, not qualifyingfor 3-MIBG
therapy because of no or insufficient tumor uptake,
palliativetrestmentwith highdosesof unlabeledMIBG
alsoprovedbeneficia in60% of thecases, beitwitha
shorter meanduration[13]. Improved biochemical and
palliativeeffectsof 1*!1-M|BGtreatment duetoenhanced

tumor/non-tumor ratio by predosingwithnon-labeled
MIBG haveal so been reported [ 14]. Combination of
higher dosesof **!1-MIBG and unlabeledMIBGisused
for therapy, whenever comparative scintigraphy
demonstrates a >20% increase of the T/NT-ratio by
addingunlabeledMIBG.

Pooledresultsin29 patientswithmedullary thyroid
carcinomatreated with *3![-MIBG (Table 1) show an
objectiveresponserateof only 23% andtumormarker
responsein 60%; neverthel esspalliativeeffects, which
may bequitemeaningful ,occurredin60%of thepatients.
However, only aminority of patientsdemondratesufficient
uptakeof =1-MIBG.
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PERSPECTIVE

SYSTEMIC RADIONUCLIDE THERAPY
FOR BONE PAIN PALLIATION IN
CANCER PATIENTS

Painful bonemetastasisisacommonclinical problem
faced by every oncol ogist. Ana gesi ¢, bi sphosphonates,
radiotherapy, chemotherapy andhormonal therapiesare
the most preferred methods. Systemic radionuclide
thergpy for bonepainpdliationiscommonly underutilized
due to unavailability and short of experience.
Misconceptionof toxicity isanother factor of lessreferral
for these bone seeking radiopharmaceuticals. Often
patientsarereferredfor radionuclidebonepainpdliation
therapy after consuming maximumanalgesicsandhave
progressed on other treatments. Multiplepainful bony
metastasi snot respondingtomildtomoderated degree
of combinedanalgesicsoughttobetreastedwithsystemic
radionuclidetherapy. I ntegrationof systemicradionuclide
therapy intheearly courseof diseaseresultsinbetter and
Sustainedoutcome.

Over 80%of bonemetastas scasesbelongtoprostate
& breast cancer and mostly osteoblasticand mixedtype
respectively. Generally purelyticlesionshavedismal
response to radionuclide therapy as compared to
osteobl asticand mixedtype. A good concentrationona
recent (less than 8 days) 99mTc-MDP bone scan
correspondingtopainful Sitesisaprerequisite. Sclerotic
lesions on x-ray are not adequate for planning of
radionuclidetherapy. Trestingasymptometicosteoblastic
metastasisinview of delaying clinical outcomeisnot
recommended currently. Bonemetastasiswith spinal
cordcompressionorimpendingfracturemust betrested
inconjunctionwithlocal modalities. Neurogenicand
muscular painmust beexcluded.

Choi ceof radionuclidedependsuponbonemarrow
reserve, availability andextentof involvement. Commonly
used radionuclideswith their physical propertiesare
giveninTablel.

Petientswithprogress vediseasewithpainwarranting
quickrelief arebest treatedwithshort livedradionuclides
(*3Smor *¥Re). Patientswith early phase of disease
withgood marrow reservecan betreated with®SrCl,
for long duration of effect. **P- Sodium Phosphateis
rarely used worldwide due to considerable toxicity.
153Sm-ethylene diamine tetraethylene phosphonate
(EDTMP), dsoknownaslexidronamismostcommonly
used bone seeking radiopharmaceutical for bonepain
palliationnow. Itsbonel ocdizationisby chemi-absorption
of thetetraphosphonateand by formati on of samarium
oxide on hydroxyapatite molecule. 50% of injected
activity bindstotheboneandrest getsrapidly excreted
inurineessentially within6hours. 5: Lisrelativeratioof
uptakefor tumor tonormal bone.

Clear understanding of purpose of treatment is
essential. Patientsshould beinformedthat thistherapy
wouldnot curethecancer eventhoughtitmightkill some
cancer cells. The whole ideais to control pain and
improvequality of life.In10-15%of cases, theremay be
increase in pain (flare phenomena) within 72hrs of
injection. Thishasbeenpostul atedwithlocd inflammeation
duetoradiationandrd ateswithgoodresponse. Generdly,
flareismildand selflimtingwithinaweek. Analgesics
should becontinued after thetherapy becauseit takes2-
4weeksfor responsetodevel op. Withtimeasresponse
develops, analgesics can bereduced both in terms of
doseandfrequency. Ananalgesicsdrug chart shouldbe
maintained to assess the degree of response. 83%
responseratehasbeenreportedwith 153Sm-lexidronam.
Painrdiefisgenerally reportedwithin2weeksandlasts
aduration of 4-40 weeks. Repesat therapy isgenerally

Table 1: Most Commonly Used Bone Seeking Radiopharmaceuticals and their Comparison

. . Half life Beta energy | Gamma Energy | Maximum tissue
Radiopharmaceutical |Dose (days) max (MeV) |KeV (%) penetration Remarks
FDA approved
P-32 5-10 mCi 14.3 171 None 8 mm but rarely used
now
Sr-89 chloride 4 mCi 50.5 1.46 910 (0.01%) 6 mm FDA approved
Sm-153
EDTMP 1mCiKg |19 0.81 103 (28%) 2.5 mm Most commonly
. used in USA
(Lexidronam)
. Approved in
0,
Re-186 HEDP 35 mCi 3.8 1.07 137 (9%) 4.5 mm Europe
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givenafter 3-6monthsif painpers stssand hematol ogical
andbiochemical requirementsarefulfilled.

Chemosensitization is a well known method of
improving radiotherapy. Some research papers are
claiming better responseof combining chemotherapy
and bone seeking radionuclides. However in current
clinical practice, combintreatment optionshasnot been
recommended. Nevertheless, withholding of
chemotherapy 6weeksprior to systemicradionuclide
therapy isrecommended.

Pregnancy isanabsol utecontraindicationwhilebreast
feeding should be permanently stopped before
radionuclide therapy. Life expectancy of lessthan 4
weeksforbidsradionuclidetherapy aswell. Patients
shouldnot receivemyel osuppressivechemotherapy 6-8
weeksbeforeand 12 weeksafter radionuclidetherapy
duetocombinetoxicity. External hemibody radiation
also should have been stopped 2-3 months before
radionuclidetherapy duetocombinemyel osuppressive
effect, however regiond radiotherapy couldbecontinued
smultaneoudy. Hormonethergpy shoul da sobecontinued
alongwithradionuclidetherapy withnoeffect of toxicity
reported. Using bisphosphonatesalongwithbonepain
pal liationagentswerethought to bedoing competitive
inhibitionbut sofar, inliterature, thishypothesishaven't
been proved. So concurrent useof bisphosphonatesand

A ARTERIOR B FOETERIGHR

bonepainpalliationradionuclidecanbedone; however
just beforenext bi sphosphonatesinjectionradionuclide
therapy ispreferred by most of theexperts.

Patientsshouldremainwell hydrated before, during
and after the procedure. There isno need of fasting
beforetheinjection. Radiopharmaceutical should be
injectedd owly byintravenouscatheter toavoidinfiltration.
In case of extravasation, local heat application will
enhance reabsorption to reduced radiation exposure
locally. Hospitalizationisnot requiredfor thetherapy per
say but patientsneedtobeobservedfor 4-6 hoursinthe
nuclear medicinedepartment. A wholebody scanning
should be done after 4 hours/24 hours with *>3Sm-
lexidronamto confirmadequateuptakeof tracer andfor
dosimetry. Radiation safety precautions should be
followedfor oneweek. Patientsshouldmaintainrigorous
hygienetoavoidcontamination. Doubletoilet flushis
recommended after urination. Patients should avoid
soiling of underclothingand shouldwash soiled cloths
separately. Incontinent patientsshoul d becatheterized
for 24 hoursfor **Sm-lexidronamtherapy. Pregnancy
shouldbeavoidedfor 6 monthswith*>3Sm-lexidronam
and12monthsfor longlivedradionuclides.

Complete blood counts (CBC) should be done
within7 daysor preferably ontheday of therapy. A good
marrow reserve determines patient’s tolerability.

Forri S EDITRP Pua Thees agy Scas

o

C AMTERIDR (8] POETERICR

Figure (A&B) showed multiple bony metastasis in pelvis, spine and sternum on MDP bone scan. Figure (C&D) showed
good concentration of 153Sm-EDTMP on whole body scan at the known bony metastatic sites
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Hemoglobin>9gl*, total leukocytescounts(TLC) >
3.5 X 10° It and platelets counts > 100 x 10° | are
preferred.Vdueshbe owthesearere ativecontraindication
yetradionuclidetherapy candtill becontinuedafter ruling
out disseminatedintravascular coagulation(DIC) anda
downward trend. Due to rena excretion of these
radiopharmaceuticals, a good kidney function is
warranted. GFR>60ml/minand serumcreatenine< 2
mg/dl are preferred. GFR < 30 ml/minisan absolute
contraindication; however if GFRisbetween30-60ml/
min, adosereductionisrecommended (approx. 50%).

Hematological toxicity is the main side effect.
Thereforeperiodica hematol ogical monitoringshould
be followed up to 4-6 weeks for **3Sm-lexidronam.
Degreeof toxicity dependsuponbonemarrow reserve,
extent of diseaseand physicd propertiesof radionuclide
used. Good baseline marrow reserves signify mild
mye osuppressonwhichusudlyistrangtory andcomplete
recovery expectedinnext 3months.

Inconclusion, currentavailableboneseekingsystemic
radiopharmaceutical sfor bonepainpdliationareeffective.
By a simple intravenous injection of radionuclide,
generdizedbony painduetometastasiscanbecontrolled
foraregiond duration. Thiscost-effectiveoptionshould
beconsideredintheearly phaseof diseaserather than
|ast resort for better outcome.
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GLOBESCAN

GMP Grade Rhenium-188-HEDP

Bone-targetingthergpeuticradiopharmaceuticasare
effectiveagentsfor trestment of painful bonemetastases.
Rhenium-188-HEDP is such a therapeutic
radiopharmaceutical and has advantages over
commercialy availabledternativesintermsof efficacy,
safety and the ability to be produced on-site. Unlike
many other radiopharmaceuticals, there are no
standardized preparation methodsfor Rhenium-188-
HEDP. Furthermore, for support of clinical studieswith
Rhenium-188-HEDPasaninvestigational medicinal
product, preparation of thisradiopharmaceutical hasto
beperformedunder GM Pconditions. Till nownogroup
hasreported onthepreparationof Rhenium-188-HEDP
under GM Pconditionsor onstock productionof sterile
non-radioactivestarting materials. Theauthor present
theproductionof GMPgradeRhenium-188-HEDPfor
applicationof thistherapeuticradiopharmaceutical in
routineclinica practiceandfor supportof clinica studies.
Inaddition, bio-distributiondataof Rhenium-188-HEDP
inmiceandinpatientswithbonemetastasesoriginating
fromprostatecancer arepresented.

(Netherlands: Inj J Pharma, Apr 25, 2014)
Nuclear Medicine Therapy

For patientswhofail torespondto currentfirst-line
and second-linetreatmentsfor colorectal cancer liver
metastases (also known as salvage patients),
radioembolizationwithY -90microspherescouldextend
survival. A structured review was performed by
researchers to gather all available evidence on
radioembolizationfor thespecificgroupof patientswith
colorectal cancer liver metastases. Amongthestudies,
disease control rates(i.e., completeresponse, partial
responseand stabledisease) ranged from 29-90 percent
inthemonotherapy studies, whichinvolved 901 patients.
In the studiesin which Y -90 radioembolization was
combinedwithchemotherapy, involving472 patients,
disease control rates ranged from 59-100 percent.
Therefore, inthisgroupof salvagecol orectal cancer liver
metastases patients who otherwise have no regular
treatment optionsandalifeexpectancy of lessthansix
months, Y -90radioembolization seemsto beahopeful
treatment option. Finally, thisoverview of theliterature
showswhich topics have not been thefocus of much
researchand may thusbeinterestingfor further work.”

(Netherlands: J Nucl Med, Nov, 2013)
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RESEARCH & DEVELOPMENT

NEW TECHNOLOGIES

Radioiodine Therapy & Circulating Epithelial Cells

A pilotstudy investigated thechangesof circulating
epithelid cellsintheblood of patientswithdifferentiated
thyroid cancer after radioiodine-therapy with 1-131.
Epithelid cellswereassessedbeforeradioiodine-therapy,
aswell as2days, 14 days, and 3monthsafter therapy.
Two patient groups were examined: 1) patientswith
thyroidcancer receivingafirstradioiodine-therapy after
thyroidectomy (RIT first, n=13); and (2) patientswith
thyroidcancer inneed of repeated radioi odine-therapy
duetolocal or metastaticrecurrences(RIT rep, n=15).
Patientswithanearly decreaseof cell safter radioiodine-
therapy (RIT first 7/13; RIT rep 2/15) showed an
increase of serum-thyroglobulinin most of the cases
(RIT first 5/7; RIT rep 2/2). Inthe RIT rep group, a
decreaseincell counts2 daysafter radioiodine-therapy
indicated aclinical responsein90% of thecases. This
study indicatesthat thenumber of circulatingepithelial
cellsindifferentiatedthyroid cancer undergoeschanges
Inresponsetoradioiodine-therapy.

(Exp Clin Endocrinol Diabetes, Apr 2014)
(153)Sm-EDTMP & Docetaxelin Prostate Cancer

Researchers in Italy have investigated whether
docetaxel administeredtometastati ccastration-res stant
prostatecancer (MCRPC) patientsafter treatment with
samarium-153-labeled ethylene-diamine-tetra-
methylene-phosphonicacid (Sm-EDTMP) increased
toxicity and/or reducedantitumor efficacy. Thirty mCRPC
patients with skeletal metastases received standard
therapy withdocetaxel (75Smg/m2intravenoudy every
21 daysfor atleast six cycles) onaverage6weeksafter
SM-EDTMP (37 MBg/kg). Over 80% patientsshowed
favorable biochemical responses. Median time to
progression was 9.1 months (mean 9.8, 95% CI 7.8-
9.9), and median overall survival was 19.9 months
(mean 24.5, 95%Cl 16.9-22.8); 5 patients were still
alive over 5 years after enrollment. No additional
hematol ogical toxicitieswereobservedwhendocetaxel
wasadministered after Sm-EDTMP other than those
expectedwhenadministeringtheagentalone. Thiswork
justifiesfurther investigationsonthepossiblesynergistic
effectsof combined strategieswiththetwo agents.

(Nucl Med Commun, Jan 2014)

New Diagnostic and Therapeutic Techniques

A new research shows the potential of recently
devel opedradiopharmaceuti cal swithbenzamidefor the
Imaging of metastasesand atargeted systemictherapy.
Theresearchersused atheranostic approach wherea
moleculewasfirst given asadiagnosticisotope (**I-
BAS52) toidentify thepatientsprobability benefitingfrom
therapy andthenasatherapeutic pharmaceutical (**!1-
BAS2) for the patients who benefitted. Some of the
patientstreated with **!I-BA52 were found to have a
survival rate of more than 2 years. The researchers
believe that the tracer could be useful in setting of a
combination therapy in patients with earlier stage
metastasized mel anoma. Inthesecond study, aspecific
s nglephotonemissioncomputedtomography (SPECT)
radiopharmaceuticd; |-BZA2for mdignantme anoma
wasdevel oped. Tocompareitsaccuracy instagingand
restaging, theimaging of patientswith both *¥F-FDG
positronemissi ontomography/computed tomography
(PET/CT) and***I-BZA 2 SPECT wasperformed. The
sensitivity of ¥F-FDG for diagnosis of melanoma
metastaseswasobservedto behigher thanthat of 1| -
BZA2(80%versus23%); however, thespecificity of *8F-
FDGwaslowerthan'?®|-BZA2 (54%versus86%). The
researcherscond udedthat™1-BZA2couldbetheoreticaly
usedfor thediagnosi sbut not for melanomastaging.

(Science Daily, Jan 7, 2014)
Neuroendocrine Tumor Management

Theradiopharmaceutica Galium-68(DOTAQ-Phdl-
Tyr3) octreotide (Ga-68 DOTATOC) has been
designated asanorphandrug by theUSFood and Drug
Adminigrationfor managementof neuroendocrinetumors
(NET). A drugisgiventhisdesignationwhenittreatsa
raredisease/condition. For adrugtoqualify for orphan
designation, thedisease/conditionmust affect fewer than
200,000 people. Ga-68 DOTATOC meets this
requirement astheprevalenceof NET patientsisnearly
110,000in TheUnited States. Orphandrugstatuscould
speed up theregul atory approval by requiring fewer
patientsper clinical trial andrel easinggrantfundsfor its
development. Ga-68-labeled NET positronemission
tomography (PET) radiopharmaceutica swouldreduce
thetimetakenfor imaging of aNET patient from 2-3
daystojust afew hours. Inaddition, theexposed dose
of radiationislower thanthecurrent standard of care.

(www.snmmi.org, Nov 18, 2013)
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ALPHA RADIUM (Ra?*) THERAPY:
OPENING A NEW WAY TO TREAT BONE
METASTASIS INPROSTATE CANCER

Bonemetastasisisaresult of thenatural progression
of diseases like Prostate Cancer, Genito-Urinary
Malignancies LungandBresast Cancers. Thepresentation
of bone metastasis could be silent as in prostate
carcinomas or present as focal bone pain which on
investigationwouldreveal expensivebonelesions.
Bonepainisthehallmark of bonemetastasiswiththe
spectrumrangingfrommild paintoseverepainwith
restrictionof movementsand poor Karnoffsky’ sIndex.
Chemotherapeutic drugs, focal or targeted
radiotherapy and radiopharmaceuti cal sareempl oyed
tocontrol pain. Radiationinany formisby andlarge
an efficient way of controlling pain due to bone
metastasis. However, whenthediseaseisextensive
and has spread all over the body, the conventional
approach of afocused radiation or hemi-body radiation
isnot effective. Radioisotopetherapy employsby the
virtueof thebio-distribution of radio-pharmaceuticals
that arelabel edwithradioisotopeswithphysical properties
that areconducivewithdelivering significantamount of
radio-activity overtime.

Higtoricaly, strontium-85and phosphorus-32which
areboneseekers, wereemployedfor thistask. Thehigh
betaenergy fromthesewhileeffectively irradiatedthe
lesion, it also damaged the red marrow resulting in
significanttoxicity. Anideal isotopefor therapy isone
that emitsaconvenient betaenergy intheintermediate
range, hasalong half-life, isstablewhenlabeledwith
bonemetastasi sseeking pharmaceuticals, anda soemits
afractionof itsenergy asgammawhichcouldbeusedfor
Imagingwithagammacamera Strontium-89, Samarium-
153EDTMPandnow L utetium-177EDTM Parepopular
radiopharmaceutical sfor bonepai npalliation. Strontium-
89hasalonghalf-lifeand shelf lifebutisexpensiveasit
iscyclotronproduced. Thisistheagent of choiceinmost
developed countries. Samarium-153 EDTMP isthe
next popular drug of choicewhich ischeaper asitis
reactor-produced but availability andschedulingarean
Issue in many countries. Asa replacement of this,

Lutetium-177 EDTMPisbeing projectedasanequally
effectiveaternativebut with better avail ability duetoits
longer half-life.Inafew countries, Rhenium-188, eluted
from 188W (Tungsten) Generator, and labeled with
HEDP, is indeed a viable alternative of the above
mentioned reactor and cyclotron produced
radiopharmaceuti cal sasthepresenceof thegeneratorin
thedepartment providesaccesstoisotopetherapy for
painpalliationwithin24 hours. Itistobeseenthat al the
above-mentionedisotopesarebeta-emitterswhose
beta-energy isusedfor radiation effectsand with the
impact of itshalf-life, theeffectivedoseisdeliveredto
itsmetastaticsites.

Alphaemittersdeposit directly thehighest quanta
of energy so when such an isotope reaches a bone
metastaticsite, it deliversalargeamount of energy
and because of its restricted penetration spares
relatively thered marrow whichisbeneaththesite.

RadiumRa-223Dichlorideisanew productwhich
has cleared the mandatory clinical trials and is now
approvedfor regular clinical use.

Stromal targeted therapies in prostate and renal
cancersisbecoming popul ar with newer conceptsand
increasingknowledge. Surviva andgrowthof metastatic
cancer cells are promoted by the tumor micro-
environment whichincludesstromal e ements, suchas
extra-cellular matrix, variousmesenchymal cells, their
soluble products and nutrients carried by vascular
endothelial cells. Osteoblasts, osteoclasts and
hematopoieticcellsareadditional cellsformedinbone
metastasis. Thereis evidence that cancer cellscan
induce stromal changes and microenvironment
conducivetotheir owngrowth. Manipulatingastroma
for therapeuticbenefitsisarel atively recent concept.
Radium-223 and Strontium-89target theinorganic
bonematrix. Zoledronicacidwhichisabiphosphonate,
targetsbonematrix and osteocl asts. Targeted agents
likeSorafenib, Sunitinib, etc., target V GEF receptors.
Eitherindependently orincombination, they manipul ate
thetumor environment.

Thereareadvantagesto al phaemittersthat arenot
present with other formsof radiation. Thehalf-lifeof
Ra-223 is 11.4 days which enables a repetition of
injectionevery 4weeksif necessary. Asaconsequence
of theal phaparticlechargeand mass, thedeposition
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of alphaparticleenergy occursover avery short path
(40-100microns). Alphaparticleshaveapproximately
7300timesthemassof abetaparticle. TheRadium-
223 alphaparticledecay chaincomprising of 4 apha
particles has an overal energy of approximately 28
MeV —ascomparedto 0.81 MeV of energy fromthe
betaparticlesemittedby Sm-153EDTMP. Thealpha
particledepositionoccursover avery short distanceand
resultsinrelatively littledamagetonon-targetedtissues
despiteits destructive actions on both the tumor and
tumor micro-environment. Thisfeatureisdemonstrated
by the bone stromal effectsthat can be measured by
sharp decreases in the marker levels, such as bone
derived Alkaline Phosphatase and Urinary—N-
Telopeptide. The direct anti-tumor effects can be
measured by serumanti-prostatespecific antigenlevels
whichdecreaseafter therapy.

Radium-223 successfully completed phasel trial and
datafromtherandomizedphasell trial suggestedthat
Ra-223may prolong surviva inbonemetastaticcastrate
res stant prostatecarcinoma(hormoneres stant prostate
carcinoma). A 900-patient phasel | trial thatindeed the
prolongedtheoveral survival from11.2 monthsinthe
placeboarmto 14 monthsintheRa-223arm (P=0.002,
hazardratio=0.699). Bes desthesurvival benefit,ithas
afavourabletoxicity profile.

The aphaemitter showed in its studies mild and
reversiblebonemarrowtoxicity inall doseescal ations
withnoevidenceof adoseeffect. M ost adverseeffects
weregadiro-intestinal , includingnausea(43%), vomiting
(24%), diarrhea (22%), constipation (20%), fatigue
(16%), decreased haemoglobin (15%), UTI (15%)
and peripheral edema (12%). Minor decrease in
platel et counts, whitecell countsand neutrophilswere
observed in those levels from 50-100kBq per kg
which peaked inthefirst 2 weeks of treatment and
subsequently returned to baseline. An additional
benefit seen with Ra-223 therapy has been a 5.8
month delay in median time to first symptomatic
skeletal event-15.6 monthsvs9.8 months; HR=0.66.
95%, Cl: 0.5-0.83. Therecommended dosage of Ra-
223is50kBq per kilogram body weight. It may be
givenonceevery 4weeksfor atotal of 6injections.

Patient Selection

Bonespecificradio-isotopetherapy preferentially
targetsnewly formedboneat thetumor/boneinterface.

Inprostatecancers, thisstromal matrix isal sopreval ent
throughout thecentral part of thesclerotic metastases.
Thehydroxyl-apatiteof newly formedbonemeatrixisthe
target of both BSRs and the biphosphonates. In
conventional bonescan, theagent primarily provides
painrelief at confirmed osteobl asticmetastaticsitesthat
arehot onbonescan. 18F-Sodium Fluoride PET scan,
when available, isthe preferred option. The sodium
fluoride diffuses from the vasculature to bone by
chemisorptionthat occursat thesurfaceof hydroxy!-
apatite in a manner similar to that of bone specific
radioisotopes.

Sdlectionover External BeamRadi otherapy includes
several consderations, suchaspatientswithmulti-focal
painrequiringmultipleradiationfiel ds, and patientswho
previously havebeentreated tomaximal normal tissue
tolerancewithexternd beamradiaionbut havingpers sent
Or progressiveor recurrent symptomsat thetrested site.
Whilebonespecificradioisotopetherapi eshavebeen
combinedwithchemotherapy, thisapproachhasnot yet
beentriedwithRa-223. Currently, routinely available
radionuclides can only be used for pain palliationin
patientswith prostate cancer. However alpharadinis
alsotherapeuticinnatureand hassurvival benefits. Due
toitsdual roleamuchwideacceptanceisexpectedin
today clinical practice. Inview of short pathlengthal pha
particletheradiation-saf ety issuesarel esscomplicated.
However, special emphasisisneededtoavoidinterna
contamination.

Bonemetastati c diseaseisnot curablewith current
technologies and multiple therapy targets are now
available. A suitable harmonization among them is
necessary. However, thedemonstration of thisnovel
aphaemittingagentthatitcanimprovesurviva hasagain
broughtisotopetherapy totheforefront.
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(Dr V Rangarajan, Prof & Head, Dept of Nuclear
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RGCON-2014: HIGHLIGHTS

Rajiv Gandhi Cancer Institute& Research Centre
(RGCI & RC) organizedits13" Annual International
Conference from 15"- 16" February 2014 at India
Habitat Centre, Lodhi Road, New Delhi. Thethemeof
theconferencewasL ymphoma* Biology totherapy”.
The conference hasbroughttogether eminentpathologists
and clinicians from around the world to share their
knowledgeandthelatest informationonthescientific
progressinlymphoma.

Onthefirstday after theregistration, first sessonwas
started that wasbased onthelow gradelymphomas, in
whichtakswereddiveredondiagnosi sandtrestment of
Follicular lymphoma. A very attractive lecture on
evolution, classification of lymphomawasgivenby Dr
AnitaBorges, TataMemorial Hospital, Mumbai. To
haveascientificexchangeof thoughts, debatehad al so
beenincludedapartfromlectures, thetopicof thedebate
was “wait & watch versus Rituximab for advanced
Follicularlymphoma’ . AsdiffuselargeB cell lymphoma
(DLBCL)isafast-growing, aggressiveformof NHL
and despitetheaddition of Rituximabinthestandard
chemotherapy, approximately 40%of thepatientscoul d
not becured, thereforetheevening sessi onwasdedicated
for DLBCL. Thesessioncomprised of thetalksonits
morphological diversity, biology andtreatment. M ost of
the lectures were delivered by foreign delegates

/"’If iy framidhi Caneer Institute
| - 3
\) ind Research Cenfre

complemented by an interactive panel discussion.
FollowingthistheprestigiousRaman ChadhaOration
wasdeliveredby Dr RekhaPai, Scientist, CMCVelore,
shegavealucid presentation onmol ecul ar techniques
andinterpretationsinlymphoma.

Theforma inaugurationof theconferencewashedin
theeveningat 7 pm. RGCON-2014wasinaugurated by
Dr T Ramasami, Secretary, Dept of Science &
Technology Minigter, Governmentof India. Heisrecipient
of very prestigiousawardsasPadam Shreeand Padam
Vibhushan. The* guest of Honour” for thisoccasi onwas
Dr GK Rath, Chief, Dr B RA Institute-Rotary Cancer
Hospital, AlIMS, New Del hi. Other memberspresented
on the dias were Mr. Rakesh Chpora, Chairman, he
gavethevisionof RGCI & RCfollowedby addressesby
variousdignitariesincludingMr. DSNegi (CEO), Dr A
K Dewan(Medical Director), Dr D CDoval (Chairman
organizingcommittee). OnthisoccasiontheRGCON
2014 Souvenir wasreleased by Dr. T Ramasami and
awardswerepresented by Dr. GK Rath. Torecognize
and promotequality contributionstoacademicresearch
and writing among doctors and researchers’ Dr P S
RamanMemorial Award”, anannua award, for thebest
paper publishedfor theyear 2013waspresentedtoMs.
Rupal Sinha, Research Officer for her paper entitled
“KrasGeneMutationandRASSF1A,FHITandMGMT
GenePromoter Hypermethylation: Indicatorsof Tumor
StagingandM etastasi sinAdenocarcinomatousSporadic
Colorectal CancerinlndianPopulation” publishedin
journal PLOSONE. TheRaman Chadhaorationaward

(L to R: Dr A Mehta, Orginizing Secretary;, Dr D C Doval, Chairman- Organizing Committee; D S Negi, CEO; Dr G K Rath,
AIIMS; Dr T Ramasami, DST; Mr Rakesh Chopra, Chairman; Dr A K Dewan, Medical Director and Dr Vineet Talwar,
Organizing Secretary)
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(Sh D S Negi, CEO of RGCI&RC, Addressing the Audience)

was given to Dr. Rekha Pai, both the awards were
presented by theguest of Honour Dr. GK Rath. Thiswas
followedby acultural programme. Final voteof thanks
wasgivenby Dr.Vineet Talwar (organizing Secretary).

The second day of the conference provided a
comprehensive update and a multi-disciplinary
perspective on Hodgkin Lymphoma, Pediatric
lymphomas, Periphera T cell lymphoma and HIV
associatedlymphomas. A veryimpressiveandinteractive
talk onnew approachestotreat Hodgkinlymphomawas
deliveredby Dr. RanjanaAdvani, Professor of Oncol ogy,
Stanford University, she gave deep insight into the
management of lymphoma. Prof. h.c. H.K. Muller,
Professor EmeritusUniversity of WurzburgWissenchafts
Germany, apprised the audience about three newly
recognized entities in lymphomas, which could be
confused with other lymphomas, so that unnecessary
morbidity duetotreatment could beavoided.

One of the highlights of RGCON 2014 was the
parald symposiumonthe2™day dongwiththescientific

|| LYMPHOMA
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(Dr h ¢ Stefano A Pileri, International Speaker, Addressing

the Audience)
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(Dr Anurag Mehta, Orginizing Secretary, Addressing the
Participants)

sessionstodeal withcancer survivorshipissues. Inthis
sessiongenera lectureondietary and other issueswas
delivered by Dr. Meenu Walia, Consultant Medical
oncology, DharamshilaHospital . Followed by thetalk,
directed pand discussionandopendiscussionwasheld
whichallowed substantial sharing of ideasamongthe
participants. Postgraduatetrainees, res dents, researchers
wereprovidedtheopportunity topresenttheir research
work andto competefor theawardsfor best poster and
ora presentation. Of thetotal submitted 53 abstracts, 5
wereshortlistedfor oral presentation. Thepresenters
with best studiesinboththecategorieswerehonoured
withawardsby the CEOintheformof cashprize.

The conference witnessed a galaxy of senior
I nternational speakers, whowerestalwartsinthefiel dof
lymphoma. Inthefiel d of pathol ogy, themainspeakers
wereProfessor h.c. H. K. Muller - Hermelink; Professor
Dr.Dr.h.c. StefanoA. Pileri; Dr. S.DavidHudnall and
Professor Bharat N Nathwani and DrHermlink. Amongst
theclinica sde, representedby DrWolfgang Hiddemann
from Germany and Dr RanjanaH Advani fromUSA.

Thus, the2 day event of wasclosed on 16" February
withVaedictory function. Over fivehundred del egates
attendedtheconferenceby truly multidisciplinary teams
including pathol ogist, young researchers, physicians,
medical, surgical and radiation oncologists, nuclear
medicinephysiciansandradiol ogistsfromdifferent part
of thecountry withhugeenthusiasm. Thisconference
wasfocusedonthemosttopical, interesting or thought-
provoking issues in the diagnosis and treatment of
lymphoma. All thesess onwerestringently keptontime
and were compl eted as per schedule which waswell
appreciated by all thedel egatesand faculty members.

(Dr Anurag Mehta, Director Laboratory Services &
Blood Bank, RGCI&RC)
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