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SPECIAL FEATURE

IMAGING IN RADIOTHERAPY
Introduction

M odernadvancesincomputershavefueledparalle
stridesinimaging technol ogies. Theimprovementsin
imaginghaveinturnallowedahigher level of complexity
to be incorporated into radiotherapy (RT) treatment
planning systems. Image-guidance strategies used to
reduce set-up error are generally classified as either
onlineor offlineprocedures. Anonlinegpproachacquires
andassessesinformationfromdaily imaging; anoffline
strategy refers to the frequent acquisition of images
without immediate intervention. Online and offline
image-guidance strategies reduce geometric
uncertainties, which inturn lower the dose delivered
totheheal thy tissuesand might enabledoseescal ation,
hypo-fractionation, reducedtoxiceffectsand enhanced
tumour control.

A key issuein RT treatment is how to deliver the
prescribedradiationdoseto cancer cells, whilekeeping
thedosetonormal cellsaslow aspossible. New high-
precision RT techniques, such asintensity modul ated
radiation therapy (IMRT) or hadron therapy, alow
better dose distribution within the target and spare a
larger portion of normal tissuesthan conventional RT.
These techniques require accurate tumour volume
delineation and intrinsic characterization, aswell as
verificationof targetlocdizationandmonitoringof organ
motionandresponseassessment duringtreatment. These
tasksarestrongly dependent ontheimagingtechnologies.
Among these, computed tomography (CT), magnetic
resonanceimaging (MRI), ultrasonography (US) and
positronemissiontomography (PET) havebeenapplied
inhigh precision RT. The combination of PET-CT to
obtai nafusedanatomical andfunctional data-setisnow
emerging as apromising tool in RT departments for

delineation of tumour volumes and optimization of
treatment plans. Another exciting new areaisimage-
guided radiotherapy (IGRT), which focuses on the
potential benefit of advanced imaging and image
registration to improve daily target localization and
monitoring duringtreatment, thusreducing morbidity
andpotentidly alowingthesafeddivery of higher doses.

Phasesof High-Precision RT

Five major phases of high-precision RT are: high
quality diagnosticworkup, treatment planning, set-up
verification, beam delivery and response assessment
(Tablel). Inthesimulation procedure, the patientis
positioned (using optical lasers) and immobilized to
obtain structural information using CT scan. TheCT
images, containingthree-dimensiona (3D)information
of patientanatomy, arethentransferredtoaRT planning
systemfor thetreatment planning stepinwhichtumour
extensionandorganat risksareidentifiedandthetarget
volumeto betreated isdefined. During thisphase, the
treatment parameters are determined based on the
volumesdefined onimagesand doseprescription. Once
aplanthat meetsthecriteriai sgenerated, theparameters
areautomatically transferredtothetreatment machine.
Intheset-up verification phase, thepatientispositioned
onthetreatment tablefor eachtreatment session, inthe
sameway as isdoneduring simulation. Thispresumes
that any components affecting the reproducibility of
patient positioning during the course of treatment are
known and corrected asneeded. Inthebeam delivery
phase, the machine is operated according to the plan
parameters. Finally, theresponseassessment phaseof
tumour response after RT is evaluated, which is
important in determining the treatment success and
guidingfuturepatienttherapy.

Imaging Modalitiesin IGRT

The modalities may be divided into five groups,
Ultrasonography devices, Room-mounted KV X-ray
tubes, Traditional multi-diceCT scannersintegratedon

Table 5 Phases of The High-Precison RT Process

Simulation: Treatment Set-up Verification: Dose Ddlivery and Response
Planning: Organ Motion Assessment:
e CT+optica CT 2 -US * 4D imaging > *CT
laser * MRI-MRS * KV image * Fluoroscopy * MRI
* PET * CT on-rals * In-beam PET * PET
* KV orMV CT o SPECT

Imaging modalities used or now investigated in the high-precison RT process (CT-computed tomography, MRI-magnetic
resonance imaging, MRS - magnetic resonance spectroscopy, US-ultrasonography, KV-kilovoltage, CBCT-cone beam CT)
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MV cone beam CT scanners with flat-panel
technology mounted onlinear accel erators.

Ultrasonography: isusedfor daily target localization
before treatment, especialy for prostate cancers,
whereas gnificant positiond discrepancy of theprostate
existsbetweenthestatic CT imagemadefor planning
and dynamicday-to-day conditionof thepatientalong
withrectal andbladder filling.

MRI & MRS MRI has been used extensively for
imaging of tumours of the central nervous system,
wherestudieshavereported quantitativeimprovements
of up to 80% in target volume definition. Tumour
delineationintheregionsof nasopharynx, urological
and gynaecological cancers have been optimized
with theintegrated use of MRI. MRSisan emerging
modality toidentify theextent and position of tumours,
aiding ddlineationof target volumes.

PET & PET-CT: [18F] FDG is currently used for
tissuecharacterizationandderiveshel pful information
for patient staging, prognosis, treatment planning and
monitoring. Theroleof PET with[ 18F] FDGinoncology
patientshasbeenwell investigatedinnonsmall cdll lung
cancers, metastatic diseaseor mediastinal lymphnode
spread, esophageal cancer, Hodgkin'slymphomaand
head and neck cancer. Themainshortcomingof imaging
with PET isthat exact bordersof tumoursarenot well
defined, making visual delineation error prone.
Hence, ahybridimagingsystemof PET-CT isusedfor
tumour delinestionfor radiotherapy planning.

Room-Mounted KV X-Ray Tubes: These are being
increasingly employed for imaging in the treatment
room. Theseimagesareregistered and comparedwith
thereferenceimagesto determine the need for set-up
corrections. Two dimensional KV imaging performs
very well for sites with bony structures, but the
necessary imaging contrast for soft tissuesisnot easy
to obtain. One solution is to implant radio-opaque
markersintothetarget, prior totreatment.

CT-on-Rails System in Accelerator Room: In such
aCT system, samecouchisusedforimaging/planning
and subsequently, RT treatment by the accelerator.
It is a conventional multi-slice KV CT scanner
connected via the treatment table with a linear
accel erator that can produce 3D imagesof thepatient's
anatomy in the exact treatment set-up. CT-on-railsis
well suited for target point verification, correction of
set-up errorsandinterfractiontarget deviationsdueto

organmotion, aswell asfor re-cal cul ation of theactual
dosegiven. Thisdeviceisnot suited for adaptation to
intra-fractiond variations.

Image-Guided Treatment Machines

ConeBeam CT Linear Accelerator |GRT: Thefirst
commercially availableconebeam CT (CBCT) IGRT
systemwastheElektaSynergy (Elekta, Crawley, UK).
The other medical linear accelerator (Linac)
manufacturers have also now embraced the IGRT
concept and have either produced their own version
of an IGRT Linac, Varian Trilogy (Varian Medical
Systems, Palo Alto, Calif, USA) and SiemensArtiste
(SiemensMedical SolutionsUSA, Inc. Malvern, Pa.,
USA). While Elekta Synergy and Varian Trilogy
linear accelerators have integrated KV cone beam
CT imaging system, the SiemensArtistehasboth KV
CBCT aswell as MV CBCT systems. The system
provides planar, motion and volumetric images.
CBCT based | GRT showsgreat potential for objective,
precise positioning of patients for treatment and
matching the treatment set-up image model with the
planningimagemodd.

BrainLAB ExacTrac X-ray 6D IGRT System is
anew system, which is mainly an integration of an
Infrared-based optical positioning system (ExacTrac)
and aradiographic KV X-ray imaging system (X-ray
6D). ExacTrac’'s high resolution X-ray imaging
capabilities and millimeter accurate patient set-up
enablesall existing Linacsto be upgraded to provide
IGRT fordl patients.

Helical Tomotherapy (HT) isanalternativemeansof
delivering IMRT, using a device that combines the
features of alinear accelerator with those of ahelical
CT scanner. The CT images are generated using the
same MV radiation beam as the X-ray. MV CT
thus obtained provides good 3D soft tissue
characterization. Because the unit uses the actual
treatment beam as the X-ray source for image
acquisition, no surrogate telemetry systems are
requiredtoregister imagespacetotreatment space.

The Robotic Cyber Knife™ from Accuracy
(Sunnyvale, CA, USA) incorporatesrecent advances
Inroboticsand computerized imagerecognition. The
Cyber Knife mounts a 6-MV lightweight linear
accelerator on a robotic arm, that accurately (six
degreesof freedom) deliversthe RT dose. Deviation
from the initial set-up position are automatically
compensated by theroboticarm.
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I mage-Guided Intensity-Modulated Proton
TherapyandBeyond: Establishingtheoptimumclinica
useof theabovedescribed IGRT machines (and their
continued devel opment) will requirecons derableeffort
overthenext several years.

Imaging for Organ Motion and Dose Delivery
Monitoring

Theexplicitinclusonof tempora changesinanatomy
during thewhole RT process (imaging, planning and
dosedelivery) hasled to the development of thefour-
dimensiond (4D) radiothergpy basedon4D CTimaging
systemsandtargetingtheradiationontumour relatedto
In Situ surrogate markers and/or respiratory phase
related imaging. Three different approaches are
possible: (a) controlled breath hold; (b) respiratory
gating; and (c) tumour tracking. In controlled breath
hold, organmotionisabolisheddurings mulationanda
static CT image is obtained. Feedback can be either
direct measurement of target position by means of
fluoroscopy or indirect assessment by measuring other
parameters(inhdedvolume, optical skinmarker position).

Benefits of IGRT

Measurement of Tumour Changes. Changesin the
size, shapeand position of tumoursand healthy tissues
havebeenrecorded by serial volumetricimagingduring
RT of cancers of lung, bladder, liver and head and
neck and deliver radiation accordingly. Thesizeand
amount of interfraction variation in the amplitude,
period and reproducibility of motion of lungandliver
cancersbecauseof breathingisal sobecoming clearer
withtheincreasnguseof IGRT.

Geometric Benefits: As set-up error and organ
motion are reduced and as geometric precision
Increases, thevolumeof tissuearound thetumour that
needs to be irradiated - the planning target-volume
margin - can be reduced, leading to adeclinein the
amount of healthy tissuetreated.

DosmetricBenefits: A reductioninirradiated healthy
tissue can decrease the probability of toxic effectsto
these regions and the ability to escalate the dose to
tumoursmight beassociatedwithanincreased probability
of tumour control.

Clinical Benefits: Clinical benefits of technological
advances, includingl GRT, arechallengingtodescribe.
Randomized datafor patientstreated withand without
image guidance is unlikely to ever exist.Careful
prospective studiesto assesstreatment techniqueand

patternsof recurrencecanaso provideaninsightinto
thepotential clinical benefitsof imaging at thetimeof
radiationplanningandtreatment.

Limitations of IGRT

Pursuit of fully onlineadaptivereplanningmight be
tempting, but the desire for sub-millimeter technical
precis onneedstobeba ancedwitharisk of chasingonly
modest clinical gainsandthepossibility of imposingan
unacceptableworkload on RT planning, delivery and
review processes. Clinical needs and infrastructure,
human resources, thequality of imaginginthesitesat
whichitisneeded and the efficiency, ease of useand
supportfortechnology, all needtobeconsideredinthe
development of an image-guidance strategy. A final
[imitation of image-guided treatment isthe potential
for the false reassurance it can provide, if used
inappropriately, leadingto unsuitablemarginreduction
andoverconfidence.

At present, IGRT does not measurethebiological
changeor hedthy tissuefunction, andimage-registration
techniquesareneededtolink thebiol ogica imagingwith
thescansobtal ned at treatment. However, fluoroscopic
imaging causesas gnificantamount of extrairradiation
of thepatient. Themanagement of repeatedimagingand
concomitant dosesistheconcern of thecommunity, to
balance the risk and benefits of IGRT to long term
survivors, especially young patients.

Future Perspectives

Particularly important will be the devel opment of
accurateand efficient deformabl eregistrationtool sthat
will allowimage-guided adaptiveradiationtherapy to
becomearoutinestandard of practice. Imageguidance
will dsofacilitatedoseguided RT.

Conclusion

First generation IGRT systemsaretruly exciting.
Theseareprovidinganintegrated approachtoradiation
oncol ogy treatment planning, dosedd ivery and trestment
verification. Improvements in image quality, data
storage, data import/export and software tools (for
specificworkflow tasksand datamining) are needed.
Mostimportantly, IGRT machinereliability (i.e.99%
uptime) isabsol utdly critical. Thereisconsiderably more
research and devel opmenta work to do, aswe move
fromthesenew frontierstonew standardsof practice.

(The Institute appreciates Dr. AK. Anand and Prof.
P.S. Negi for their contribution to this 'Special Feature
on Imaging in Radiotherapy).
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PERSPECTIVE

POLYMERASE CHAIN REACTION
Introduction

Thepolymerasechainreaction (PCR) isaninvitro
mol ecular techniquewhichcangeneratemillionsof copies
of thedesired DNA or RNA segment fromany source,
I.e, bacterial, viral, plant or animal, in afew hours.
Introducedin1985by Karry Mullis, thetechniquewas
madepossi bleby thediscovery of Tagpolymerase(heat
stable DNA polymerase) i solated from the bacterium
Thermusaquaticus. PCR hasrevol utionized the way
DNA anayses are performed and has become a
cornerstoneof molecular biology andgeneticanalysis.

PCR technique utilizes the DNA preparation
containingthedesired segment tobeamplified (target
sequence), enzymeTag polymeraseand 2 primers(20
to 35 nucleotides long). These primers have
complementary sequencetothenucl eotidesequenceof
short segmentspresent at or beyondthe 3’ endsof two
strandscalled flanking sequences.

Steps of PCR

1) Denaturation: TheDNA tobeamplifiedisheatedto
atemperature between 90°C-98°C (commonly 94°C)
toseparatethedoublestrandedtarget DNA intosingle
strand (duration2 minutes).

2) Annealing: The separated strands are cooled to a
temperaturebetween 40-60°C and allowedtoanneal to
thetwo primers(duration1 minute).

3) Primer Extension: DNA polymers synthesize the
complementary strandby utilizing 3’ OH of primersand
deoxyribonucleoside triphosphates. The optimum
temperaturefor synthesisis75°C (duration 2 minutes).
4) Final Extension: After thelast cycle, thesamplesare
usually incubated at 72°Cfor 5-15 minutestofill inthe
protruding endsof newly synthesized PCR products.

Typesof PCR

PCR is a highly versatile technique. It has been
modifiedinavariety of waystosuit specificstuationsand
applications. Some important variations of PCR are
InversePCR(amplify thesequencesflankingasegment,
the border sequences of which are known); anchored
PCR (whensegquenceof only oneend of desired segment
or geneisknown); reversetranscriptase PCR (amplify
RNA sequenceinto DNA duplexes); overlap-extension

PCR (usedtoinduced modificationwithininternal site
of gene); asymmetric PCR (generated singlestrand copy
of onestrandof templateDNA ), thermd cyclesequencing
PCR (primers are radio or fluorescence labeled and
base sequence of template DNA is determined by
polyacrylamidegel e ectrophoresis), nested PCR (after
amplification of target sequence, portion of the
amplificationproductisre-amplifiedusinganother pair
of primers); touchdownPCR (increasethespecificity of
PCRwithoutloweringtheefficiency); andrea timePCR
(permitstheanalysisof theproductswhilethereactionis
actualyinprogress).
Applications

Amplification through PCR, akey component of
molecular diagnostics, can be done from avariety of
tissue sources, including blood samples, biopsies,
surgical or autopsy specimens. It canbeusedtosearch
for mutationsby awidearray of techniques, including
DNA sequencing, to induce the desired mutations at
specifiedstesinagene(stedirectedmutageness). PCR
can amplify highly polymorphic alleles to be traced
in genetic linkage or association studies and is
increasingly used to diagnose various microbial
pathogens. In forensicscience, it playsamajor rolein
the analysis of DNA samplesisolated from asingle
humanhair or blood to determinewhether thesamples
come from aspecific individual. It has played akey
roleinthehumangenomeproject.

Limitations

Whileavery powerful technique, PCR canalsobe
verytricky. Primer designand congtitutionisextremely
important for effectiveamplification, and must bevery
specificfor thetemplateto beamplified inareaction.
Duetoextremely highsensitivity of PCR, contamination
from non-template PCR presenting lab environment
(formbacteria, viruses) presentsareal problem.

Futur e Per spectives

Inthenear future, chipbased deviceswill hastenthe
day when scientists can take them on the road and
patientswill beableto get onthespot readoutsof their
DNA. Beforelongitmay bequiteroutinetodiagnosean
infection, genetic disorder or even detect aninherited
predispositionto cancer and heart disease, rightinthe
doctor’ soffice.

(The Institute appreciates Dr. Vivek Arora for his
contribution to the 'Perspective’ on Polymerase Chain
Reaction).
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RESEARCH AND DEVELOPMENT

Control Switches

ResearchersfromWashington University School of
MedicineinSt. Louishaveshownthat asingleprotein,
HS1, enableskey functionsof natural killer (NK) cells,
whichkill early cancersandfight off viral infections. The
proteinallowstheNK cellstopursuetheir targets, latch
ontothemand configurethecellular machinery itusesto
kill them. Further study of how HSL controls these
processesmay openupnew possi bilitiesfor reviving the
NK cellstofightinfectionand cancer. Theresearchers
may also beableto usethissameproteintoinhibit the
activitiesof otherimmunecellsand preventthemfrom
contributingtoautoimmuneconditions.

Thecell stsdownonthebone, sedl stightly andthen
startssecretingtheacid and other compoundsthat break
downthebone. NK cellshavetoformasimilar plunger-
likebond, knownaslyticsynapse, withthetargetsthey
attack. The researchers wanted to see what would
happen to NK cells in human blood samplesif they
turneddowntheir abilitytomakeHSL. Theresultingcells
wereseverely disabled. They couldn’ teffectively pursue
thetarget cells, bindtothemor preparetokill them. NK
cellsarevery goodat nipping early cancersinthebud.
Understandingtheir activationmechnismcouldleadto
ways to make them better killers of cancersand cells
infected by virusesand other invaders.

(Science Daily, July11, 2008)
Novel Treatment for Meanoma

Researchers at the NYU Cancer Ingtitute, New
York, have screened alibrary of aready approved
drugsfor activity against themost deadly formof skin
cancers. They haveidentified mebendazole, adrugused
globally to treat parasitic infections, as a novel
investigational agentfor thetrestment of chemotherapy-
res stantmalignantmelanoma.

A novel assay foundthat mebendazol etargetscancer
causing proteins. Melanomasproducehighlevelsof a
proteincalled Bcl-2,whichisknownto protect cancer
cdlsfromapoptoss. Theteamsaw thatwhename anoma
cancer cell wasexposed tomebendazole, itresultedin
inactivation of Bcl-2, alowing apoptosistooccur. The
researchersarenow focused ondeterminingtherangeof
dosestobetestedintheclinic, whether specifictypesof

melanomawill respond better than othersand whether
combining mebendazole with other agentswill be of
further benefit.

(Molecular Cancer Research, Aug 2008)
Potential Molecular Markers

Researchersat Rhodel dandHospita haveidentified
two potential molecular markers that may predict
outcomesfor patientswith stomach cancer, oneof the
most commonandfatal cancersworldwide. According
tothestudy, patientswho had poor outcomesfollowing
surgery for stomach cancer, aso had extremely low
amountsof two proteins, known asgastrokineland 2
(GKN1and GKNZ2),whichareproducedby thenormal
stomachcells.

Thisisthefirstknownstudy tolink theselow protein
level swithoutcomesfoll owingstomach cancer surgery.
Thisdiscovery couldeventually help physiciansbetter
determineandindividuaizetherapy for somachcancer,
includingwhich patientsshoul dbeoffered chemotherapy
withother treatmentsinadditiontosurgery, tohelpthem
livelonger and morecomfortably. Further studiesare
needed todemonstratethemechanismsresponsiblefor
thelossof GKN21and GKN2inthispatient population
aswell astheclinical biomarker potential of thesetwo
proteins.

(Medical News Today, July 18, 2008)
Promising Treatment for L eukemia

Leukemiaisatypeof cancer that originatesinthe
blood cells. One therapeutic option for patients with
acute type of leukemia is stem cell transplant.
Researchers from Italy recently evaluated the
effectiveness of umbilical cord stem cells that are
injected directly intothebonemarrow of patientswith
leukemiaandtheresultsappear promising. However,
longer followupisnecessary todeterminetheoutcomes
for these patients. They found that no complications
occurred duringtheinfusionof stemcellsintothebone
marrow. No patient developed acute, severe graft-
versus-host disease, whichattacksthepatient'sheal thy
tissue. At 13 months, 16 patients were alive and in
complete remission, 5 patients died from treatment
related complications of the transplant,7 died from
infectionand4diedfromrelapseof disease. According
totheresearchers, theseresultsleadtothepossibility of
usingthistechniqueinalarger number of patients.

(Lancet Oncology, Aug 9,2008)
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NEW TECHNOLOGIES

DIAGNOSTICS
CK19 mRNA

Measurement of CK19 mRNA expression
intraoperatively, can be used as a rapid diagnostic
method to detect lymph node (LN) metastases in
women with breast cancer. The cytoskeleton protein
CK19isexpressed by virtually all breast cancersand
onestepnucleicacidamplification (OSNA) canbeused
to quantify CK19 mRNA expressionin LN samples
within30to40 minutes.

ScientigtsfromtheV U Medica Centre, Amsterdam,
tested the performance of OSNA for CK1I9mRNA in
comparisonwiththestandard hi stol ogical methodsfor
identifying LN metastasesin 346 axillary LN from 32
Dutch breast cancer patients undergoing axillary LN
dissection. OSNA and histology results were
concordant for 267 negative samplesand 61 positive
samples, while 18 were discordant. In 7 of the 18
discordant samples, sampling bias was thought to
accountfor thedisparateresults. TheOSNA method is
an attractive intra-operative tool for LN metastases
detectioninbreast cancer patients.

(Cancer News-ASCO, Jul 2008)
MicroRNA asBiomarker

Scientists at Fred Hutchinson Cancer Research
Center have discovered that microRNA's molecular
workhorsesthat regul ategeneexpression, arerel eased
by cancer cellsand circulatein theblood,which gives
themthepotential tobecomeanew classof biomarkers
todetect cancer atitsearliest stages. MicroRNAshave
some advantages over protein based early detection
systems. They can be detected potentially in smaller
quantitiesandthat thetechnol ogy existstorapidly devel op
microRNA based early detectiontests.

For the study, the researchers tested blood from
mice and humans with advanced prostate cancers, as
well as those from healthy controls. They measured
microRNAs made by the tumors in both cases and
controlsand they coulddistinguishwhichindividuals
had cancer, based on the blood microRNA
measurement. The next step would be to identify
specific microRNAsthat can signal thepresenceof a
variety of solidtumorsat anearly stage.

(Science Daily, July 28, 2008)

New Test for Her ceptin

The US Food and Drug Administration has
approved a novel genetic test, SPOT-Light, for
determining whether breast cancer patients are good
candidatesfor trestment withtranstuzumab, Herceptin.
When used with other clinical information and
laboratory tests, this test can provide healthcare
professionals with additional insight on treatment
decisionsfor patientswith breast cancer.

Herceptin, manufactured by Genentech, isgivento
breast cancer patientswhose cancer cellshaveal ot of
copiesof theHER2/neugeneand usually havecancers
that grow moreaggressively thanother breast cancers.
Herceptin has been shown to dramatically slow that
growthandhel pwomenlivelonger. However, thedrug
isexpensiveand can causesideeffects. Fluorescentin
situhybridization (FI SH) andimmunohistochemistry
arecurrently usedtofigureout if apatient’ scancer is
HER2-positiveandwill likely respondtoHerceptin. The
new test countscopiesof theHER2 geneinapatient’ s
tumor tissuesmilartoFISH. UnlikeFI SH, SPOT-Light
usesadainthat canbeviewedwithstandardmicroscopes
andallowslabsto storethepatientstumor sampleat the
laboratory for futurereference.

(ACS, July12, 2008)
Tissueof Origin Test

Pathwork Diagnosticsinc.,amolecular diagnostics
company focused ononcol ogy, announcedthat theUS
FDA hascleareditsPathwork "tissueof origintest” for
useindeterminingtheoriginof uncertaintumors. Thetest
analyses a tumor’s gene expression pattern to help
pinpoint thesourceof hard to identify tumors andis
thefirsttest of itskindtoreceiveFDA clearance. It uses
a microarray to measure the expression pattern,
comprising more than 1,500 genes in the uncertain
tumor and comparesit toexpression patternsof apanel
of 15 known tumor types, representing 60 morphologies
overal tohelpdeterminethetumor’ sorigin.

The growing trend in cancer care is the use of
therapiesthat target specifictissuesand their genomic
components, rather than relying on one-size-fits-all
treatment gpproach. TheFDA -cleared Pathwork, "tissue
of origintest” will beavailableasaninvitrodiagnostic
kit. Theclearanceof thePathwork testisanother stepin
thecontinuedintegration of molecular based medicine
intostandard practice.

(FDA News, Aug 2, 2008)
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EQUIPMENTS
ElectaVMAT

ElectaVMAT (Volumetricintensty Modulated Arc
Therapy) is a revolutionary new technology that
dramatically decreases treatment times, delivering a
higher dosetothetumor target without compromising
coverageand patient safety. Thespeed and precision of
ElectaVMAT isduetothes multaneousmani pul ationof
thegantry positionand speed, themultileaf collimator
leaves, thedoserateandthecollimator angle, all while
theradiaionison. ElectaVMAT dsodlowstheflexibility
of onearc, two arcs, sub-arc or acombination.

From the patient’s perspective, faster treatment
times often mean improved comfort, which makesit
eas ertoremainstill duringtreatment andincreasesthe
likelihood of delivering radiation beams more
accurately and safely. From the physician's
perspective, the reduction in treatment time makesit
much easier to accurately target the tumor and the
improved dose sparing offers new options to either
increasethecancer-killing dosetoatumor or reducethe
Sde-effectsandthereforepotentialy improveoutcomes.

(Elekta Inc., July 31, 2008)
Endoscopic Circumferential Ablation for BEHGD

Endoscopiccircumferential ablationwithaballoon-
basedradi ofrequency deviceisamorerecently available
endoscopicablationtechniquefor Barrett’ sesophagus
high-gradedysplasia(BEHGD). Thisprocedureburns
away theabnormal cellswithradiofrequency energy.

A multicenter US registry assessed thesafety and
effectiveness of thistechnology for the treatment of
BEHGD. Resultsshowedthat in92 patientstreatedwith
endoscopiccircumferentia ablationwhohadat least one
follow-up biopsy session, 90.2% werefreeof HGD at
anaverageof one-year follow-up and avoi ded many of
the adverse events associated with this disease. The
technique compares favorably with photodynamic
therapy, wide-field endoscopicmucosal resection(EMR)
and esophagectomy, with respect to safety, patient
tolerability and the histologic complete response
outcomes tracked. Further, there may also be an
adjunctiverolefor circumferential ablationandEMR,
with EMR used to remove visible abnormalities for
staging, followedby circumferentia ablationtodiminate
all remainingdysplasticand metapl astic di sease.

(American Society of G | Endoscopy, Aug 3, 2008)

New Imaging Technique

Researchers in Massachusetts have reported the
development of Fluorescence- Assisted Resectionand
Explorationsystemfor moreprecise trueimage-guided
cancer surgery. Theunigqueimaging systemusesspecia
chemical dyescalled near-infrared (NIR) fluorophores,
designedtotarget cancer cells, wheninjectedintothe
patients. When exposed to NIR light, the dyes or
contrast agentslight upthecancer cellsandtheimages
are shown on avideo monitor superimposed over
imagesof thenorma surgical field, dlowing surgeonsto
easlly seethecancer cells.

The technigue promises improving surgery for
breast, prostate and lung cancers, whose tumor
boundariescanbedifficult totrack at advanced stages.
The technique can aso help cancer surgeons avoid
cutting critical structures, such as blood vessels and
nerves. In near future, fluorophorescoul d bedevel oped
tohighlight thenervesand blood vesselsinonecolor,
whilevisuaizingcancer celsinadifferentcolor, dlowing
multiplestructurestobeviewedeas ly ands multaneoudy.

(Medical News Today, Aug 20, 2008)

Point of CareTechnology

Thenovel microfluidicCTC-chip, abreakthrough
technology, provides100-foldincreased sensitivity and
increased purity indetectionandisol ationof circulating
tumor cellsinthe blood of cancer patients, compared
withtheexistingtechnology. Itisexpectedthat within
one to two years when this becomes a point of care
technology, it may be possibleto monitor cancer non-
invasively intermsof responsesand drug choices.

Researchers have shown that mutations in the
epidermal growth factor receptor (EGFR) gene may
arisein circulating lung cancer cells. They analyzed
circulatingtumor cellsfrom 27 patientswith metastatic
non-smd-cell lungcancer andidentified EGFRactivation
mutationin cellsfrom 11 of 12 patients (92%) andin
matched free plasma DNA from four patients (33%).
The drug resistance mutation T790M was found in
patients with EGFR mutations who had been treated
with tyrosine kinase inhibitors. The presence of this
mutation in pretreatment tumor-biopsy specimens
predicted reduced progression free survival. This
technology comeshandinhandwiththerevolutionin
targeted cancer therapies.

(Reuters Health, July 2, 2008)
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IN FOCUS

STEM CELL RESEARCH IN INDIA
Introduction

Stemcell researchhasthepotential torevol utionize
thefutureof medicine. Inadditionto offeringhopein
understanding cancer devel opment andtreatment, stem
cellsare being explored with encouraging resultsfor
cureof diabetes, someformsof blindness, heart attack,
spinal cord damage, etc. Stem cell research hasalso
been useful in advancing the knowledge of cell fate/
lineage determination, embryogenesis and cellular
transformation and extensive research is required to
harness the enormous potential of stem cells.
Considering it asafield of national importance, three
priority areascanbeidentified: (i) basicandtrand ational
research, (ii) creation of facilities/infrastructure, and
(iii) humanresourcedevel opment.

Basic and Clinical Research

Indiaiscurrently witnessingexponentia growthin
the frontier areas of stem cell research. A sizeable
number of programmes have been formulated and
implemented, coveringvariousaspectsof bothembryonic
and adult stem cells, such as limbal, hematopoietic,
embryonic, pancreatic, neural, cardiac stem cells,
generation of human embryonic stem cell lines, stem
cell preservation, in vitro differentiation of human
embryonic stem cells, hematopoietic stem cells for
hapl o-identical transplantation, useof limbal stemcells
for ocular disorders, isol ation and characterization of
mesenchymal, liver and cancer stemcells.

Infrastructure Development

There has been a substantia public and private
sector investment in stem cell research with the
establishment of severd sate-of-the-art semcdl facilities
andstemcell banks. “ Centrefor SemCell Research”
a CMC, Vélore has been established by DBT,
Government of India, tocarry out trand ational stemcell
research. Similarly, MIRM, Manipal hasbeencreatedto
facilitatecutting edgeresearchinstemcellsandtissue
engineering. Also, clinical slemcellsfacilitieshavebeen
createdat PGIMER, Chandigarh; SGPGIM S, Lucknow;
LVP Eye Indtitute, Hyderabad; KEM and TMH,
Mumbai; and AIIMS, New Delhi. Modern stem cell
facilitieshavea sobeenestablishedfor basicresearchat
NCBS and I1SC, Bangalore; NCCS, Pune; NBRC,
Manesar; CCMB, Hyderabad; and ICPO (ICMR),

Noida. Recently, severd privatefirmsarea soshowing
interestindevel opingtheirownstemcell units.

Human Resour ce Development

Effortshavea sobeenmadetobringtheclinicians
and researchers together by organizing a number of
research workshops, extensivetraining programmes,
brainstorming sessions and symposia, specifically
addressing issuesrelated to stem cell biology and its
therapeutic application. “ Sem Cell Research Forum
of India” providesacommon platformtothescientists
andcliniciansfor discussiononnew devel opmentsand
for sharing the research outcome. Recently, Panjab
University hasproposedanew M Sccoursein Stem Cell
Biology whichwill immensaly helpinhumanresource
devedopmentinthisfied.

Regulatory |ssues

To regulate stem cell research in the country,
guidelineswere formulatedby DBT and|CMRin2007
that aretotaketheshapeof legid ationinthenear future.
According to these guidelines, research on adult and
umbilical cordbloodstemcellsisclassfiedaspermissble.
However, embryonic stem cell research falls under
restricted category. Research pertai ningtoreproductive
cloning andintroducing animal embryosinhumansis
prohibited. Forimplementationof theseguidelines, four
independent committeeshavebeen constituted, which
include: “ Human Sudies Committee” for evaluation
andguidancefor clinical research; * National Bioethics
Committee” to ascertain rigid ethical guidelines for
conducting researchonhumanbeings; “ Task Forceon
Sem Cells and Regenerative Medicing” to evaluate
and fund basic research; and clinica research and
“Programme Advisory Committee” to develop
Centresof Excellence.

Conclusion

With development of required infrastructure,
increas ngawarenessa ongwithadequatdly formul ated
laws, Indiaisat thevergeof experiencingmaor boomin
stem cell research. However, amalgamation of both
basicaswell asclinical researchdeliveredinaclinical
setting canonly facilitateour benchtobedsideapproach
andwill strengthentrand ationa researchonstemcellsin
India

(The Institute appreciates Dr. Alok C. Bharti, Asst.
Director & Chief, Div. of Molecular Oncology, ICPO
(ICMR), Noida for his contribution to this write-up
on Stem Cell Research in India)
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CLINICAL TRIALS

Eradication of H.Pylori

Helicobacter pylori isabacteriathat usualy infects
thestomach or small intestines. Oncetheinitial cancer
has been removed, another cancer may appear in a
different part of the stomach. Removing H. pylori
bacteriafrom gastric cancer patientsafter surgery can
reducetheoddsof cancer redevel opment dramatically.

Japan Gast Study Group performed arandomized
controlledtrial of 544 patients. Each patient waseither
newly diagnosed with stomach cancer and planningto
have endoscopic treatment or was in post-resection
follow-up after thistreatment. Subjectswererandomly
assigned to one of the two groups:. atest population
administered 30mglansoprazol etwiceper day, 750mg
amoxicillintwice per day and 200 mg clarithromycin
twice daily for a week and a control population
administered standard carebut no additional trestment
to eradicate H. pylori. During athreeyear follow-up,
metachronousgastric cancer developedin9patientsin
theeradicationgroup (3.3%) and 24inthecontrol group
(8.8%). Overdl, therisk wasreducedtoone-third of the
control risk usingthistreatment. Thisstudy suggeststhat
thetreatment to eradicateH. pylori reducestherisk of
devel oping new gastriccarcinomainpatientswhohave
ahistory of suchdisease.

(Lancet, Aug 22, 2008)
Non-Hodgkin’sLymphoma

Thetreatment combination consisting of treanda
(bendamustine) plus rituxan (rituximab) provides
effective therapy for patients with non-Hodgkin's
lymphoma(NHL ) that hasstopped respondingto prior
treatment. Thereareapproximately 30differenttypesof
NHL, al characterized by theexcess veaccumul ationof
atypical (cancerous) immunecells. Themost common
typeof immunecellsthat becomecancerousarecalled
lymphocytes. Cancerous|ymphocytes can crowd the
lymph system and suppresstheformationandfunction
of other immune and blood cells. Treanda is a
chemotherapy agent that wasrecently approvedfor the
treatment of chroniclymphocyticleukemia Treandais
alsobeing evaluatedin other typesof cancers, suchas
NHL. One advantage of treanda is that it does not
interfere with another commonly used form of
chemotherapy knownasakylatingagents.

Researchers from Canada and United States
recently conductedaclinical trial tofurther evaluatethe
effectivenessof treandaamong patientswithrecurrent
NHL.This tria included 66 patients with recurrent
mantlecd| lymphomaorindolent B-cdl NHL. Thepatients
were treated with treanda plus rituxan. Anticancer
responseswereachievedin92% of thepatients, 41% of
the patients achieved a complete disappearance of
detectable cancer. Median duration of anticancer
responses was 21 months. Median progression free
survival wasnearly two years (23 months). Themain
side-effect waslow level sof blood cells(immunecells
and platelets). Theresearchersconcludedthat treanda
plusrituxan isan active combination in patientswith
relgpsedindolent and mantlecel | lymphoma

(cancer consultant.com, July 15, 2008)
Non-SeminomatousTumors

Researchers presented the results of a large
randomized German trial in men with stage 1 non-
seminomatousgermcd l tumors (NSGCT). Thetrestment
optionsfor thesepatientsincluded activesurveillance,
retroperitoneal lymphadenectomy (RPLND), or one
course of bleomycin, etoposide and cisplatin (BEP)
chemotherapy. Thehypothes sof thestudy wasthat one
cycleof BEPchemotherapy isefficaciousandresultsin
alower recurrenceratethan RPLND.

Menwithstagelhistologically confirmedNSGCT
were randomized to arm A; one cycle of BEP
chemotherapy or arm B; RPLND. If metastasiswere
pathologically confirmedfromthesurgery, 2 cyclesof
BEP chemotherapy were given as 21-day cycles.
Between 1996 and 2005, 382 patients from 61
German centreswererandomizedtothe2arms. ArmA
and B each enrolled 191 intent to treat patients.The
median follow-up was56 monthsand all patientshad
beenobservedfor atleast 15months. Therewere2 and
15recurrencesinthechemotherapy and surgery arms,
respectively. Considering outcomesinthe according-
to-protocol population, therewere15recurrences, 2in
am A and 13 in aim B. The 2 chemotherapy
recurrences were at 15 and 60 months. The surgery
recurrences were al in the first 17 months after
orchiectomy. Thebenefitfor recurrence-freesurvivalin
thechemo patientswasstatistically significant. Thestudy
holds promise for the treatment approach using one
courseof BEPchemotherapy inthissetting.

(Medical News Today, July 31, 2008)

11




CANCER NEWS

OCTOBER 2008

WATCH-OUT

I nhibition of Cancer M etastasis

Tumor metastasi sinvolvesdetachment of malignant
tumor cellsfromtheprimary tumor, escapethroughthe
surrounding extracellular matrix, intravasation into
microvessals, extravasation from microvessels and
proliferationinaforeignenvironmenttoformasecondary
or metastatic tumor. Most cancer treatment regimes
focuson eradi catingthemalignant tumor cellsthrough
surgery, irradiation and/or chemotherapy. Thereisa
great needtherefore, for compositionsand methodsthat
effectively treat or suppresstumor cell metastasis.

Ware-Jerry (US) have been awarded a US patent
No. 2008160024 entitled, "Inhibition of cancer
metastasis’, published on July 3, 2008.The present
invention providesamethod for inhibiting tumor cell
metastas sinasubject. Inparticular, themethod comprises
administering aglycoprotein Ibalphainhibitor to the
subject. The method may also be used for reducing
tumor cell malignancy or inhibitingformationof atumor
cellembolism.

(esp@cenet.com, Aug 25, 2008)‘
Prevention of Ovarian Cancer

Thereisaneedtodevelopoptimal oral contraceptive
pills (OCP) and hormonal therapy (HRT) regimens
whichareprotectiveagainst ovariancancer.

Patent No.US 2008167279, published on July 10
and entitled “Prevention of ovarian cancer by
administrationof productsthat inducebiol ogica effects
intheovarianepithdium” providesamethodfor preventing
the development of epithelial ovarian cancer by
administeringagentswhichater TGF-(beta) expression
inovarianepithdid cellsand/orwhichpromotegpoptos's
of suchcells, either aloneor incombinationwith other
agents, includingagentswhichincreaseapoptosi sand/or
induce effects on TGF-(beta) expression either by
increasing expression of TGF-(beta)isoformssuchas
TGF-(beta)2and/or TGF-(beta) 3,or by downregulating
TGF-(beta) isoformssuchasTGF-(beta) 1, or by doing
both, or by alteringtheratio of TGF-(beta) isoforms,or
by pulsing aterations of one or moreT GF-(beta)
isoforms. Pharmaceuti cal compositionsand regimens
for prevention of ovarian cancer comprisesHRT and
OCP formulationswiththeaddition of anagentwhich
induceseffectson TGF-(beta) expressionintheovarian

epithelium and/or expression of other relevant
biomarkers. The regimens, methods and products
described hereinmay havereduced side-effectsand/or
bemorebeneficia whenadministeredto perimenopausal
women.

(European Patent Office, Aug 16, 2008)
Promising Anti - Cancer Product

DukeUniversity chemistshavepatentedanefficient
technique for synthesizing a marine algae extract in
sufficient quantitiestonowtestitsability toinhibitthe
growthof cancerouscellswhileleavingthenormal cells
unaffected. The researchers also deduced that this
moleculecalledlargazoleactsoncellsthroughthesame
chemical mechanismasother anticancer compoundsin
themarketorinclinica trias.

L uesche steamattheUniversity of Florida extracted
andidentifiedlargazolefromamarineblue-greenagae
and demonstrated that |argazol e could impede breast
cancer cell growth better thantheanti-tumor drug Taxol,
without causing Taxol- likes deeffectsonnormal breast
issue. Thedrawback wasthat L uesche’ sgroupisolated
justonemilligram that wasvery difficulttogrow. The
Duke team devised a method to produce gram-sized
guantities with 20% yield. Theteam discovered that
largazolewass milar toanother moleculecalled FK 228.
These molecules are undergoing trials as anti-cancer
drugs. The team is aming at changing largazole's
structuretoincreaseitseffectsonvariouscancers.

(Duke University News, Aug 2, 2008)
Treatment for Cancer

Under USPTO patent No. 7,405,227 dated July
29, 2008, BiPar Science, Inc (Brisbance, CA) have
claimed it offers a treatment for cancer. Malignant
cancerousgrowth posesseriouschallengesfor modern
medicine. The present invention relates generally to
methods of treatment of tumorigenic diseases using
aromatic nitrobenzamide compounds and their
metabolites. Morespecificaly, itrel atestotheuseof the
nitro compound 4-iodo-3-nitrobenzamide or a salt,
solvate, isomer, tautomer, metabolite, analog or prodrug
thereof insuppressingandinhibitingtumor growthina
mammal.

Thetreatment further comprisessurgery, radiation
therapy, chemotherapy, genetherapy, immunotherapy
or itscombination. Theadministration of thecompound
isintravenous. A pharmaceutical composition of the
inventionmay besuitablefor administrationtoasubj ect.

(USPTO, Aug 26, 2008)
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GLOBE SCAN

First Step to New Therapies

Scientigsat Sydney’ sCentenary Indtitute, Austrdia,
have mapped the anatomy of a membrane protein.
Thereareonly around 70 membraneproteinsout of the
potential 10,000 that have ever been mapped. This
excitingdiscovery hasthepotentia toturntheway new
drugs are discovered on its head and reduce the
devel opment timefor new trestments. Thesemembrane
proteinsaretarget for 70%o0f al thergpeuticdrugs, soan
Increased understanding of themwould help devel op
better trestmentsfor someof Australia sbiggestkillers
such as cancer. At centenary, the scientists are now
trying to map membrane proteinsthat areinvolvedin
pumping drugs out of the cells, thereby reducing the
effectiveness of cancer chemotherapy agents and
antibioticsamong other drugs. By understanding how
thesemembraneproteinswork, they havethepotential
toeiminatethetria anderror natureof patient treatment
andto createtargeted therapies.

(Australia: Research Australia, July 15, 2008)

New Way to Study Cancer

Scientists at Duke University Medical School in
Singapore havefound anew way to study cancer that
could be useful for developing targeted therapies
against thedisease and possibly many other diseases.
Surveyinglargeamountsof geneticdata, thescientists
analyzed both cancerous and healthy, normal tissues
for geneswithtightly controlledactivity. Thesamples
used camefromlung, thyroid, liver, esophagus, colon
andbreast tissues.

Fromtheanayss, forty-eight genes, that aretightly
controlledintumors, emergedfromtheanalysisreferred
toas" poised genecassette (PGC)". They viewed PGC
asanexcitingnew classof genesinwhichtherewouldbe
aneedtodightly affect genefunctiontoelicitasizeable
effectonthetumor. Accordingtothescientists, itwould
make the PGC genes attractive targets, which would
inhibit proteinactivity by 10—20%inorder togainthe
desiredeffect. Thiscontrastswiththeother genes, where
anear-completeinhibition (90-100%) might berequired
beforeeffectsontumorsareseen. They foundthat small
changesinPGCexpressionintumorsmay belinkedwith
potent differencesinthetumor’ sability tobeinvasive.

(Singapore: Duke Univ. Med. Centre, July 20, 2008)

PromisingPathin Cancer Therapy

By usng“targeting”, DarioNeri fromthel nstituteof
Pharmaceutical Sciencesat ETH Zurichhasfolloweda
promising pathincancer therapy. “ Targeting” employs
antibodiesasdelivery vehiclesfor medicinesto carry
thelr activeingredientsthroughthebloodcirculationand
intothetumor. Hehaspresented anew marker, together
withthreeassociated monocl onal antibodiesasfurther
promising candidatesfor cancer therapy.

Theresearchersused markerstohelptheantibodies
findtheirway intothediseased cdlls. Thesearchisonfor
such markers that occur solely in the tumor’ s blood
circulatory system. A marker in ashape of the extra-
domain B (EDB) of the protein fibronectin has been
found 21 yearsago. Inthe past 10 years, Neri and his
team have devel oped two very promising antibodies,
F16and L 19, that candock ontotumour bloodvessels
and can be readily loaded with an anti-cancer active
agent. Another marker, thefibronectinextra-domainA
(EDA) together withthreemonoclonal antibodiesthat
bindsdlectively toEDA,, hasbeendescribed. F8antibody
in particular is apromising candidate for this cancer
therapy. Clinicd studiesonhumansaretaking placefor
the EDB antibodiesF16 and L 19.

(Switzerland: SwissFed. Ins. of Tech., July 20, 2008)

Cancer Survival Analysis

Cancer survival varieswidely betweenandwithin
many countriesaroundtheworld, accordingtothefirst
worldwide CONCORD study, conducted by Professor
Michel Coleman from Cancer Research UK and over
100coalleagues. Thisstudy providesdirectly comparable
dataon1.9millionadult cancer patients(aged between
15and99) from 101 cancer registriesin 31 countrieson
5 continents. The study covers cancers of the breast,
colon, rectumand prostate. M ost of thewidevariations
insurvivd arelikely tobeduetothedifferencesinaccess
todiagnosticandtreatment servicesandfactorssuchas
tumour biology, stateat diagnosisor compliancewith
treatment may aso be significant. Population based
cancer registriesareincreasngly importantinmonitoring
cancer control effortsandineva uatingcancer survival.
Itishopedthat theinformation providedwoul dfecilitate
better comparisonsbetweenrichandpoor countriesand
eventual ly enablejointevaluationof international trends
incancer incidence, survival andmortality.

(UK: Lond. &ch. of Hyg. & Trop. Med, July 17, 2008)
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ACTIVITIES OF RGCI & RC

DNB Svmposium oN BoNE TuMORS

Ragjiv Gandhi Cancer | ngtituteand Research Centre
(RGCI& RC)isarecognized academiccenter. Besides
being astate of theart hospital for patient care, it also
providestraininginall oncology super speciditieswhich
areinvolvedinthecareof cancer patients.

DNB Symposiumisheld every two months, away
fromthebusy schedul eof thehospital andisseenasan
academicactivity withadifferencewhereall theDNB
students are able to clarify their queries with their
colleagues and faculties of the hospita. A DNB
Symposium on pediatric and adol escent bonetumors
was organized by the Department of Pediatric
Hematol ogy & Oncology on4th July, 2008. Themain
tumorsfor discuss onwereEwing ssarcomaandPrimary
osteosarcoma, which together account for 6% of all
pediatricmalignancies.

Dr Ajay Agarwal from the Department of
Radiodiagnosis discussed the various imaging
modalities commonly used in evaluation of bone
tumors: plain radiograph, computed tomography and
MRI, MRI beingthemethod of choiceforlocal staging
of tumors. Both osteosarcoma and Ewings sarcoma
have specific presentation on radiology which aidsin
thelr diagnosis. Osteosarcomashowsawel | organized
masss gnifyingosteobl asticprocess. Sunburst periosted
reactionand soft tissuemasssignifiesanaggressiveand
rapidly growingtumour. InEwing’ ssarcoma, periosted
reactionisusualy present, andit oftenhasanonion-skin
or sunburst pattern, whichindicatesanaggress veprocess.

Dr Kumardeep from the Department of Medical
Oncology spoke on the advantageous role of
preoperative chemotherapy for al patients with
osteogenic sarcomaandsignificanceof controllingall
foci of macroscopic disease in managing metastatic
osteosarcoma. For Ewings sarcoma, the role of
combination chemotherapy with ifosphamide and
etoposidealternatingwithvincristine, adriamycinand
endoxan has been the standard in its management.
Theproposed histopathol ogic gradingto evaluatethe
effect of chemotherapy on the primary tumor had the
strongest correlationtoclinical outcome inthepatients
with osteosarcoma. He also dealt with the prognostic
markersof boththetumorsfromtheclinica perspective.

Dr Rakesh Kaul from the Department of Surgical
Oncology stressedontherol eof limb-sparingresections.
Thediscrepancy inthelengthof limbwhichoccursafter
treatingthemalignancy isarea probleminpediatricage
group and the roles of limb salvage surgery with
expandable prosthesis were talked about at length.
Local control rateshaveimprovedwiththeintroduction
of neo-adjuvant chemotherapy. Cryosurgery isbeing
used at afew centrestoachievel ocal control thoughnot
with much success. The local recurrence after first
surgery carriesapoorer prognosis making theinitial
compl eteresection with freemarginsvery important.
M etastati c diseaseat presentationisthemostimportant
adversefactor intheprognosisof thesetumors.

Dr Pankaj Agarwal from the Department of
Radiotherapy made a presentation on the role of
radiotherapy in the current standard of care for
osteosarcoma. Radiotherapy is offered in selected
patientswhorefusesurgery orinwhomdefinitivesurgery
isnotpossible, i.e, Stesthat arenot amenabl etoresection
andrecongtructionor whichhavepositivemarginsafter
resection. PatientswithEwing’ ssarcoma, treatedwith
reduced-doseradiotherapy, experienced unacceptably
highratesof local recurrence.

Dr Harpreet Kaur from Department of Pathology
presentedthepathol ogical interpretationof pediatricand
adolescent bonetumors. Shediscussedtheinterpretation
of biopsy of the tumor for diagnosis, along with the
advantage of taking biopsy frommultipleareasinthe
sametumor. Osteosarcomaisapleomorphictumor with
multiplemolecular derangements. The assessment of
necrosi sin specimenwasdiscussedindepth, necrosis
beinganimportant prognosticfactor. Ewing’ ssarcoma
is round cell tumor that shows varying degree of
neuroectodermal differentiation. They arenow grouped
asEwing'sfamily tumors. All casesshowfusonEWS-
ETSfamily and canbeusedfor molecular diagnosi sof
thesame. Findlly, theimmunohistochemica profilesof al
small roundbluecell tumorswereal sodiscussed.

Thepresentationswerefollowedby apand discussion
moderated by Dr Himesh Gupta (Pediatric Onco-
Surgeon). Therewere valuableinputsfrom Dr Gauri
Kapoor, Dr AK Chaturvedi and Dr Sunil Kumar.The
prizesfor thebest presentation and best questionwere
awarded to Dr Harpreet Kaur and Dr Preeti Bagga,
respectively. Suchsymposiumshavebecomeanintegral
partof theacademicprogrammeof thelnstitute.
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Dr DaANIEL G.HALLER'SVISIT

Dr Daniel G. Haller visited Rajiv Gandhi Cancer
Institute & Research Centreon July 14, 2008. Heisa
Professor of Gastrointestinal Oncology at theUniversity
of Pennsylvania, School of Medicine, Philadel phia, USA
and Associate Chief of Clinical Affairsand Editor in
Chief of the prestigious Journal of Clinical Oncology
(JCO). Heisan authority on cancers of the digestive
system, especially colorectal cancer. Dr Haller had an
interactive sessonwith Dr KV Swaminathan, Chairman;
Mr KK Mehta, Principa Advisor; MsJyotsnaGovil,
Hony Secretary; Mr DSNegi, Chief ExecutiveOfficer;
andDr AK Chaturvedi, Medical Director; Consultants,
Resident Doctorsand Research Officersof thel nstitute.

Dr Rajat Saha from the Department of Medical
Oncology presented anarticlepublishedin JCO about
phaselll trid of trimodality therapy with chemotherapy,
radiotherapy and surgery, comparedwithsurgery a one
for esophageal cancer. For trimodality therapy, patients
with non metastatic esophageal cancer were given
concurrent chemotherapy with cisplatin, 5-FU weekly.
Radiation therapy was given 50.4 Gy over 5.6 weeks
followed by esophagectomy withnodedissection.The
resultsshowed amediansurvival of 4.48yearsvs1.79
yearsandfive-year survival of 39%vs16%infavour of
trimodality therapy. Dr Saha highlighted fivecasesof
esophaged carcinomawithdifferent Stesof presentation,
chemo-protocols and results. In all these cases,
radi otherapy wasinterrupted becauseof neutropeniaor
thrombocytopenia. Dr Daniel agreedthat thetreatment
regimen proposed in the articlewas unduly toxic and
individualisationof therapy wouldbewarranted.

Dr Saha presented another case of a 53 year
postmenopausal femaewithright adnexal cyst. Colonic
biopsy wasmoderately differentiated adenocarcinoma.
Laparoscopic peritoneal biopsy showed metastatic
adenocarcinoma. Thepatient wasgivenfour cyclesof
FOL FOX 4regimenandtheresultsshowed progression
intheform of massive ascites. During follow-up, CT
abdomenandlevelsof CA125, CEA,CA19.9indicated
possibilities of 2 primaries: ovarian progressing and
colonregressing. Patient underwent s, gmoid colectomy
with panhysterectomy and HPE: colon — moderately
differentiated adenocarcinoma, cutendsinvolved, serosd
deposits of adenocarcinoma on ovaries. Patient was
given 2 cycles of Erbitux + FOLFIRI regimen. She
developedintestinal obstruction. A questionwasraised

about the scope of any palliative therapy, targeted
therapy or surgerytoalleviatetheobstruction. DrHaller
suggested that surgical opinionbetakenand patient be
considered for resection anastomosisto alleviate her
intestinal obstruction.

Dr Devender Pal, DNB Resident from the
Department of Medical Oncol ogy, presentedthecase
of a23-year old patient whose colonoscopy reveaed
polypoidgrowthstarting 10cmsfromanal vergeto 20
cms. Thehistopathology reportwaswell differentiated
adenocarcinomaof rectosigmoidregion. Laproscopic
assisted highanterior resectionwasdone. HPE reved ed
adenocarcinoma-moderately differentiated. FOL FOX
chemotherapy wasstarted 4 weeksafter surgery. The
patient had received 3 cyclesand wasadmitted for the
4thcyclebutwithhel d becauseof [ow absol uteneutrophil
counts. Questionswererai sed about the site of cancer
(rectal or anal), whether the subcarinal nodes were
metastastic and whether surgery wasrequired for the
patient. Dr Haller suggestedthat other FOL FOX regimes
need to be tried which probably have low toxicity
properties.

Dr Suresh P, DNB Resident fromthe Department of
Medical Oncology, presentedthecaseof ab5-year old
malewith ulceroproliferativegrowth, 1cmfromanal
verge, involving anterior anal and rectal canal. Punch
biopsy of rectal wall showed malignantroundcell tumor.
INPET-CT ,circumferentia asymmetricmura thickening
wasseeninrectumandanal canal regionswithmultiple
subcm& few enlarged pararectal lymphnodes. Patient
was planned for concurrent chemotherapy/ RT with
5FU/ oxaliplatin. DrHaller suggested that surgery will be
required as later on sphincter preservation may be
difficult.

After the case discussions, Dr Haller gave a
presentation on how to write amanuscript/article for
journds. Heinitialy explainedabout the® impact factor”
of eachjourna and gaveastep by stepillustration on
how to formulate the thought process of writing an
article, abstractwriting, full text presentation, reference
andconflictof interest permission.

He enlightened the audience with certain new
advancesinthefid dof colorectd cancer likethenecessity
of doingk-rasmutationsstudiesbeforestarting cetuximab.
Theinteractivesessionendedwithavoteof thanksby
Dr Chaturvedi. He hoped the Institute would get
distinguishedguestsof hisstatureonaregular basis.
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SpeciaL TumoR BoARD

Tumor Board isaquality improvement forum for
healthcare providers to discuss the diagnostic,
therapeutic and follow-up recommendations for all
cancer patients seen in the facility, through
multidisciplinary trestment approach.

On 23 July 2008, Prof Aman U. Buzdar MD,
FACP, Professor of Medicine and Internist,
Department of Breast Medical Oncology, Division of
Cancer Medicine, M D Anderson Cancer Centre, and
Deputy Chairman, Department of Breast Medical
Oncology, Divisonof Cancer Medicine, M D Anderson
Cancer Centre, Houston, Texas, and aspecidistin
breast cancer, participated in the tumor board
discussionof RGCI&RC. TheTumor Board consisted
of specificcasediscussions. Itwasattended by M edical
Director, Senior Consultants, Consultants, Resident
Doctorsand Research Officersof thel nstitute.

Dr Rajesh Jain, Surgical Oncology, presented the
first case of an early stage hormone positive breast
cancer ina72-year fema epatientwithlumpinthebreast
(TINOMOstaging). M odifiedradical mastectomy was
done. Post operatively, her report showed ER 80%, PR
100%withnolymphovascularinvasion, whiletheHER
report wasawaited. Theclinicianswantedtoknow the
roleof chemotherapy, specially inearly stagehormone
positive breast cancer. Regarding management, Prof
Buzdar saidthat withstrong ER and PR positivestatus,
endocrinetherapy- anti-estrogen (tamoxifenor aromatase
inhibitors)isfavourable. Aromataseinhibitorsarebetter
than tamoxifen because of lesser side effects and
reduction in recurrence rates. He said that HER isa
dominant pathway andfor HER positivecases, targeted
therapy transtuzumab should be given. Breast
conservativesurgery shouldbefollowedby radiotherapy
at thisearly stageof breast cancer. If lymphovascular
invasionispresent, therisksof recurrencearemore, for
which, chemotherapy should be given. For systemic
spread, onecouldgofor OncotypeDX. However, if the
scoreislow, then chemotherapy shouldnot begivenas
it causesneutropeniaandthrombocytopenia, whilewith
hormonal therapy, risks are comparatively lesser.
However,inER/PR negativepatients, endocrinetherapy
hasnobenefits.

Thesecond casewaspresented by Dr Amit Dhiman
of Medical Oncology, of a43yearsoldfemalepatient
whowasdiagnosedin 1998 asacarcinomaright bresst.

Patient wasendocrinedependent andwasontamoxifen.
Shedeve opedmultiplemetastasis, firstineyeandbone,
forwhich, docetaxel wasgiven. Further, shedevel oped
lungandliver metastasis, for which, capacetabinewas
given. Thediseasebe ng progressive, patientwasgiven
Fadodex. Thepatientlater ondevel opedbranmetastasis
forwhichgemcitabinewasgiven. Prof Buzdar suggested
that for such chemoresistant cases, one could try
progesteroneor epothilonesandtheir ana ogs(Ixempra)
which has low susceptibility to tumor resistant
mechanisms.

Thethird casewas presented by Dr Devender Pal,
Medica Oncology, of apatientwitharightaxillary lump
(5x5ems) withsupraclavicular lymphnode2cms, poorly
differentiatedwithpositivebonelesonsandtreatedwith
taxotere, carboplatinand herceptin (TCH) dongwithG-
CSF support. Prof Buzdar suggested that maximum
response can beobtained by local therapy inlimited
disease. Herceptin canbecontinuedfor longer periods.

Thefourth case presented was of afemale patient
withright breast lumpectomy and ER 30%and PR 05%.
Thepatientwasgiventwocyclesof docetaxel/epirubicin.
Asthediseasewasprogressive, shewasadministered 3
cyclesof avastin/ gemcitabine/ navel bine, despitewhich,
thediseasewasprogressive. Prof Buzdar suggestedthat
for such patients, trial of endocrinetherapy, ablation
therapy with bilateral oophrectomy, LH/RH agonist
therapy or capacitabinecould betried.

The last case was presented by Dr Rajat Saha,
Medical Oncology, of apatient withalumpin right
breast diagnosed asinflammatory breast carcinomawith
ER/PR negativeand HER positive. Astheresponseto
taxoterewaspoor, shewasgiven paclitaxel. Herceptin
was given for one year. Prof Buzdar suggested that
becauseof highrecurrencerate, radiationtherapy should
be given and Herceptin should be continued.
Readiofrequency ablationor thermal ablationwouldbean
effectivemeansinunifoca well defineddisease. TCor
TCH couldbegivenbut anastrazol eshould beavoided
iINnHER2Neunegativepatients. Intriplenegeativepatients,
platinum based chemotherapy doesnot add any benefit.
In such patients, 4 cycles of anthracycline based
chemotherapy and 5-fluorouracil should be given or
weekly doseof taxol.

Prof Buzdar was very much impressed with the
Tumor Board in RGCI& RC. The Medica Director
thanked Prof Buzdar for theinteractivesession.

16




CANCER NEWS

OCTOBER 2008

MyYELo DyspLAsTIC SYNDROME

Dr EvaHéellstrom-Lindberg, MD, PhD, Associate
Professor, Department of Medicine, Division of
Hematology, KarolinskaUniversity Hospital, Huddinge,
Stockholm, Swedenwasinvitedtothelnstituteon July
31, 2008. She had an interactive session on Myelo
DysplasticSyndrome(MDS) with Dr A K Chaturvedi,
Medical Director, and medical oncologists, hemato-
oncol ogists, hemato-pathol ogi stsandresident doctors.

TheMDSisadiversecollection of hematological
conditionsunitedby ineffectiveproductionof bloodcells
andvaryingrisk of transformationtoacutemyel ogenous
leukemia (AML). She mentioned that the signs and
symptomsinMDSarenon-specificandgenerdly related
to the blood cytopenias. anemia, granulocytopenia,
thrombocytopeniaand AML. Epidemiology of adult
MDS includes primary - 90% and therapy related -
10%, whichincludesalkylating agents, anthracycline,
topoisomerasegroup of drugsand radiotherapy.

She described that the WHO modified the FAB
classfication, introducingsevera new diseasecategories
andeliminatingothers. Thelist of dysplasticsyndromes
under new WHO systemsincludesrefractory anemia,
refractory anemiawithringed sideroblasts, refractory
cytopeniawithmultilineagedysplasa refractory cytopenia
withmultilineagedysplasiaandringed sideroblast and
59 syndrome. She emphasized the importance of
| nternational Prognostic Scoring SystemusedinMDSto
predictlongtermoutcome.

For suspected M DScases, theworkupincludesfull
blood count, blood tests to eliminate other common
causes of cyotopenias, bone marrow for dysplasia,
cytogeneticsor chromosomd studiesand flow cytometry
for lymphoproliferativedisordersinthemarrow. Under
pathol ogy, sheexplainedtheepigeneticchangesinDNA
structureinM DSandlossof DNA methylationcontrol.

She explained that the goals of the therapy areto
control symptoms, improvequdity of lifeimproveoverdl
survival and decrease progressionto AML. Shealso
explainedtheroleof erythropoietin (EPO), treatment
model of anemiawithGCSFEPO, immunesuppression
in MDS, lenalidomide in del 5 MDS, role of 5-
azacytidineashypomethylating agent and allogeneic
stemcell transplantationinMDS.

Dr Chaturvedi thanked Dr Lindberg and all the
faculty membersfor theinteractivesession.

Stem CELL THERAPY IN MALIGNANCIES

A lectureon” Stem Cell Therapy inMalignancies’
wasdelivered by Dr Indreshpal Kaur, PhD, Assistant
Director, Cdl Therapy L aboratory, Department of Stem
Cdl Trangplantation& Cellular Therapy, M D Anderson
Cancer Center, Houston, Texas, USA on 31% July
2008. It wasattended by Dr A.K Chaturvedi, Medical
Director, senior consultants, resident doctors and
researchofficersof thelnstitute.

DrKaur saidthat thepotentia of stemcell astherapy
for many untreatable diseases through cellular
replacement or tissueengineeringiswidely recognized.
Thisisahighly interactive field of life sciences and
requirescloseinteractionof basicresearchers, clinicians
and the industry for the overall growth and
development. Stem cell therapy plays an important
roleinthemanagement of hematol ogica maignancies.

There are three main sources of stem cells: bone
marrow, mobilized peripheral blood, and cord blood.
Themainadvantagesof cordbloodstemcell arethat it
isreadily avail able, moreprimitiveanddlowsengraftment
acrossimmunological barriersmoreeasily. Themain
disadvantageof cordbloodisre atively low doseof stem
cells. Dosageof cord blood stem cell canbeimproved
by using multiple cord blood and ex-vivo expansion.
M obilized peripheral bloodstemcellscollectedthrough
apheresisare used moreoften thanbonemarrow stem
cells. Most patients of multiple myeloma do receive
autologousperiphera stemcells.

DrKaur saidthat thegraft versushost diseasecanbe
controlled by tacrolimus and low dose methotrexate.
After transplant, the immune system should be
monitoredby counting T cells, B cellsandNK cells. The
factors influencing the outcome of stem cell
trangplantsaredi seasestatusat trangplantation, recipient’s
age, comorbidconditionsandHL A compatibility.

Regardingstroma stemcells, sheexplainedthatthey
canbederivedfrommany tissues, areeasy togrow, non-
immunogenicand promoteengraftment of CD34+cells
inSCID mice. Stromal cellscanalsobeusedfor ex-vivo
expansionof hemopoieticstemcells.

Dr Kaur also elaborated the use of stem cellsfor
damageinnon-hemopoieticorgans,especidlyincardiac
damage. The queries raised by the consultants were
discussed. Thisinformativelectureendedwithavoteof
thanksby Dr Chaturvedi.
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PrReEVENTIVE ONCOLOGY

Cancer hasbecomeoneof thetenleadingcausesof
deathinindia Therearenearly 2.5millioncancer cases
at any givenpoint of time, with over 8lakh new cases
and 5.5 lakh deaths occurring each year due to this
disease. Common sites for cancer in India are oral
cavity, lungs, oesophagusand stomach in malesand
breast, cervix andoral cavity infemales. Over 70% of
cases report for diagnostic and treatment servicesin
advanced stagesof disease, resultinginpoor surviva and
highmortdityrates.

Human suffering due to cancer is enormous.
Regardlessof prognosis, theinitia diagnosisof canceris
perceived by many patientsasalifethreatening event
withover one-third of patientsexperiencinganxiety and
depression. Cancer can be equally distressing for the
family’ sdaily functioningandeconomicstuation.

Inthiseraof medical cost containment, oncologists
seek todevelopnot only better treatment for cancer but
alsoeffectiveprogrammesfor cancer prevention.

Preventionshouldbethekey eementinany disease
control programme. Cancer preventionisthereduction
of occurrence of cancer by identifying causes and
developing measures to remove or counteract them.
Preventiveoncol ogy embraces any measuresthat may
betakento prevent thedevel opment of progression of
malignant disease. Healthy lifestyle holds the key to
cancer prevention; upto 2/3 of al cancers may be
preventable by avoiding tobacco and adopting other
healthy habits. Regular screeningscanhel pdetect many
cancers in earlier stages when they can be treated
successtully.

A preventiveoncology winginaningtitutei sexpected
to provide comprehensive cancer screening services
based on age and gender, risk assessment, screening,
personalisedrisk reductionstrategies, genetictesting,
chemoprevention, tobacco cessation and nutrition
counseling. Educating people about the disease will
helpsdriveaway thefearsand stigmaassociated with
the disease. It is important to involve al levels of
populationin educational processes. The contents of
cancer education should focus on tobacco control,
physical activity andavoidanceof obesity, hedthy dietary
practices, reducing occupational and environmental
exposures, reducing a cohol use, immuni sationagainst
hepatitisB virus, safesexual practicestoavoid human
papillomavirusinfection and vaccine against human
papilloma virus for carcinoma cervix. Coordinated

public health approaches at national, state and local
levels with active involvement by voluntary health
servicesagencies, non-profit organizationsand private
sector would greatly enhance the success of these
activities.

Withthesincereeffortsof MsJyotsnaGovil, Hon'y
Secretary, aPreventiveOncol ogy Department hasbeen
recently set up in the Institute which is headed by
Dr Sneh Lata Maheshwari. It primarily focuses on
creatingawarenessamong thepublicabout theneedto
screenfor early detection of cancer. Itsaimsare:

« Early detection of cancer at asymptomatic stage
« Demystify cancer
« Concentrateonorganspecificinformation

Theobjectivecanbeachieved by thel ngtituteonly
in collaboration with Government Departments,
NGO’ sandcivil society. Inthisregard, aready detailed
discussionsonthesubject with Department of Health
and Family Welfare and Department of Women &
Child, NCT of Delhi havebeenheld and collaboration
with Gender Resource Centres of the NCT of Delhi
arebeingworkedonfor thefollowingservices:

a) Organizeearly cancer detectioncamps, primarily for
breastand cervix.

b) Createawarenessespecially amongwomen, about
theneed of screening and early detection, through
literature, posters, workshopsetc.

¢) Organizetrainingof general practitioners, NGO’s
andother healthworkers.

Department of PreventiveOncol ogy inassociation
withRoko Cancer organized afreecampfor detection
of breast cancer and carcinoma of cervix uterus on
August 5, 2008 within the hospital premises. Inthis
camp, mammography & pap smear test weredonefree
of cost apart from free consultation. In future, it is
proposedto organizemoresuchcampsfor thebenefit of
generd public.

It isevident that the current small and piecemeal
approach to cancer prevention has had very limited
success. Much hasbeen learnt about the nature of the
carcinogenicprocessesat themolecular level. Thishas,
inturn, yielded systemsfor thedetectionof carcinogens.
Cancer preventionhastworeadily measuredendpoints,
thereduction of theincidence of cancer through early
detection andthereductioninmortality. All activities
must bedirectedtowardstheswift achievement of these
godls.
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