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[From the Desk of Director Research )
Cancersof thebrain or central nervous system can arisefrom primary brain cells, known asprimary brain cancer, or from
thegrowth of cancer cellsthat devel opin other organs, termed as metastatic brain cancer. Itisimportant to differentiatewhether
this cancer originates in the nerve cells or spreads from the other organs in order to determine the treatment options.
Classification of primary brain tumors by the WHO is based on their cellular origin and histol ogic appearance. Neuroglia
tumors, which account for morethan 80% of primary braintumors, originatefrom astrocytes, oligodendrocytes, or ependymal
cells. The precise incidence and prevalence of brain tumorsis poorly understood and documented because benign tumors
werenot reported earlier. M etastati c di seaseto thebrain, which accountsfor thehighest number of CNStumors, alsoremains
unreported. Worldwide the incidence and mortality of primary CNS tumorsis 15.7 and 11.1 per 100,000 people per year
respectively-2008 data.

Thereisno specific or singular clinical symptom or sign for any brain tumor. However, swelling, or obstruction of the
passageof cerebrospinal fluid fromthebrainmay causeearly signsof increasedintracranial pressurewhichtranslatesclinically
into headaches, vomiting, or an altered state of consciousness. Imaging, such as computed tomography scansand especially
magneticresonanceimaging, playsacentral roleinthediagnosisof braintumors. Therecent advancesinbraintumor imaging
offer unique anatomical aswell as pathophysiological information that provides new insights on brain tumors, directed at
facilitating therapeutic decisions and providing information regarding the prognosis.

Over thepast few decades, novel therapiesfor patientswith braintumorsarebeing devel oped. Although surgical resection
isthe cornerstone of treatment, postoperative radiation and chemotherapy may improve survival in patientswith high-grade
braintumors. High precision radiotherapy technol ogy certainly improved theradiation dosedelivery to thetumor sparing the
normal tissue. Recent advancesin targeted therapy offer novel treatment optionsfor patients who experience recurrence of
theprimary brain tumor. Bevacizumab (Avastin) hasbeen approvedinthe United Statesand over 30 countriesworldwidefor
the treatment of glioblastoma.
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| Morerecent work onunderstanding themol ecular mechanismsand genemutationscombinedwithclinical trialsareleading | |
| | topromisingandtailoredtherapeuticapproaches. Multiplechallengesremain, including tumor heterogeneity, tumor location | |
| inaregionwhereitisbeyondthereach of local control, andrapid, aggressivetumor relapse. Therefore, thetreatment of patients |
| withmalignant braintumorsshoul d encompass multimodality management, including surgery, radi otherapy, chemotherapy, |
| and targeted therapy. |
| Thisissueof Cancer Newsishased onthethemeof Brain Cancer, and includesregular articlesunder the sections* Special |
| Feature’,“ Guest Article”, “ Perspective”,“New Technologies’, “Clinica Trias’,“ Cancer Control”,“ GlobeScan”,and“ InFocus’ . |
|| We appreciate the contribution made by Dr Rana Patir, Director and Head Department of Neurosurgery, Fortis Memorial |
| Hospital, Gurgaon, for providing the“ Guest Article”. |
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Suggestions'commentsfrom thereadersarewel come. Wishing our readersaHappy, Prosperousand Healthy New Y ear 2013!

Dr D C Doval
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SPECIAL FEATURE

CONTEMPORARY TREATMENT AND
CONTROVERSIESIN THE MANAGEMENT
OFHIGH GRADEGLIOMAS

Highgradegliomas(HGG) account for ~70%of all
gliomasand predominantly affect pati entsbetween 40-
70 years of age. They are one of the most common
tumorsencounteredinclinical practiceat any neuro-
oncology centre.They arediffusely infiltratingtumors,
which according to the WHO classification, can be
dividedintoanaplasticastrocytoma(WHOgradelIl),
anapl asticoligodendroglioma(WHOI 1), anaplastic
oligoastrocytoma(WHO gradel 1) and glioblastoma
(WHOgradelV).

Thesetumourscontinueto havegrowth potential .
There is no stable tumor and recurrence tends to be
mostly at thesiteof theoriginal diseaseor sometimes
disantfromtheorigina ste(multi-foca recurrence). The
management of gliomahasevol ved cons derably during
thelast decadeass gnificant advancesinsurgery, cytotoxic
chemotherapy, targetedbiol ogica therapy,andmolecular
tumor profilinghaveenteredclinical practice. Although
gliomaremainsachalengingdiseasewithadisma long-
termprognoss, recent advancesprovideencouragement
for thecontinued devel opment of new treatment options

Pre-op T1W contrast enhanced sagittal image of a left
frontal glioblastoma

for these patients. The contemporary treatment and
controversiesinthemanagement of highgradegliomas
arediscussed here.

Surgical Resection for Patients with Newly
Diagnosed or Recurrent Glioma

Duringthelast decade, grosstotal resection (GTR)
hasincreasingly been selected for patientswith high
gradegliomasand promising new strategieshavebeen
devel opedthat combinelocal therapy, chemotherapy,
andradiation.

Gross Total Resection

Surgica resectionhastraditionally beenconsidered
an option for relatively few patientswith high grade
glioma due to the poorly defined borders of these
infiltrativelesions. Morerecently, GTRhasincreasingly
beenusedfor patientswithhighgradeglioma. GTRwas
historically defined by thesurgeononthebas sof operating
roomobservations. Incontemporary clinical practice,
GTRisdefined by post-operativemagneticresonance
imaging(MRI)findings,includingthedegreeof contrast
enhancement or remai ning fluid-attenuatedinversion
recovery (FLAIR) signal abnormality. MRI assessment
must be performed within the first 1 to 3 days after
surgery toavoidconfoundingtheinterpretationof images
by post-operativeinflammation and disruption of the
blood-brainbarrier (BBB). Grosstotal resectionalso
hasbeenusedsuccessfully inpatientswithpoorly enhancing

Post-op contrast enhanced T1W image of the same patient
showing gross total resection of the lesion
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or non-enhancing lesions, and for patientswho were
initially treated with subtotal resection but who had
significant residual impairment. Techniques, suchas
intraoperative MRI, functional imaging, and awake
craniotomy, arepermitting moreaggressiveresections
without neurologicinjury. Several recent reportshave
described significant benefitsof cytoreductivesurgery
for patientswith gliomasthat do not have substantial
post-operative neurologic deficits. In addition to the
potential benefitsfor patient quality of life, thereisalso
evidenceto suggest that surgical resectiondelaysthe
timetogliomarecurrence. Grosstotal resectionalsohas
been associated with several other benefits. Patients
are likely to require less steroid treatment, which
reducestherisk of several steroid-related adverse
events, includingcushingoid habitus, steroidmyopathy,
peripheral edema, and hyperglycemia. By increasing
theamount of ti ssueavail ablefor pathol ogicexamination,
GTRmay helptoimprovediagnosticaccuracy. GTR
also may helptoimprove seizure control and makeit
possi bletoadminister local therapies(eg, BCNU wafers);
itisincreasingly beingrequiredinclinical trialsof new
immunotherapy regimens.

L ocal Therapy of Malignant Gliomas

BCNU-loaded wafers were approved for the
treatment of newly diagnosed malignant gliomain2003
andfor recurrent GBM in 1996. |mplantationof BCNU
wafersafter tumor resectionprovideslocal delivery of a
highconcentrationof cytotoxictherapy thatisnot limited
by penetration of the agent throughthe BBB. BCNU
wafers may be considered for the treatment of focal
tumorsthat arepotentialy treatable, usng GTR, andthat
arenot situated near critical functional brainareas. The
useof BCNU wafers have recently beenacontroversial
topicamong neurosurgeonsbecausesomestudieshave
questionedtheeffectivenessof thisapproach. Central
nervoussystem (CNS) infectionandwoundinfection
havebeenreportedinsomepatients, withreportedrates
varying from 2% to as high as 28%.Some patients
devel op pronounced brainedema. Otherwise treatment
isgenerally well tolerated and providesan alternative
approachtomultimodal therapy inpatientswho cannot
toleratesystemiccytotoxicdrugs.

Unr esectableCases: Thel mportanceof Histology

Itisusually possibletoobtainabiopsy sampleeven
whenGBM isconsi dered unresectabl e, andthissample
may have a significant impact on the selection of a

treatment strategy. Devel opment of technol ogies, such
asaframe-based and framel essstereotacticbiopsy has
madeit possi bl eto obtain biopsy specimensfromvery
deepbrainregionsthatwereonceconsderedinaccessible,
indudingthebraingem. Inaddition, atransfrontal contralaterd
approachhasbeenusedtosuccessfully conduct biopsy,
without significant morbidity, deeplesionsof thebrain
stemandavoidingthesurfaceof thetentorium. Hence,
bi opsy-guidedtherapy shouldbethestandardregardless
of whether thelesionisaboveor bel ow thetentorium.

Use of Molecular Markersand Brain Imaging to
Predict GliomaCourseand Individualize T her apy

Temozolomideisthefoundation of therapy for most
patientswith GBM . Considerabl erecent researchhas
examined severa genetic, molecular,andneuroimaging
markersthat may identify tumorsthat are especially
susceptibleor resi stant totemozol omidetherapy.

GeneticMarkers

Temozolomideisanalkylatingagent that targetsN7
or Ofpositionsof guanineresiduesof DNA, resultingin
interruptionof cell divisionand subsequent cell death.
MGMT andtheclosdly relatedenzyme, O°-akylguanine-
DNA akyltransferase, repair DNA damage by
demethylating the O position of guanine. Thisreturns
guaninetoitsbaselinestateandallowscell divisionto
continue. WhentheMGMT promoter ismethylated,
thereisdecreasedMGMT transcription. WhenMGMT
ishighly expressed or unmethylated, itisbetter ableto
counter theeffectsof temozolomideand other formsof
alkylating therapy. MGMT promoter methylationis
prognostic of a better outcome with radiation and
temozol omideconcomitant therapy. AlthoughMGMT
expression and promoter methylation are important
prognosticfactors, therearepotential limitationstothe
useof MGMT intreatment planning. MGM T testingis
relatively complex, andthereisnoclear consensusonthe
optimal technique to evaluate MGMT activity. The
polymerasechainreaction (PCR) procedureiswidely
considered the most sensitive and specific. The PCR
techniquerequirescryopreserved tumor specimensto
providesufficienthigh-quality DNA whichisnotalways
feasible. Inaddition, MGMT statustestingisnot yet
routinely paidfor by healthinsuranceplans. Patientsare
thereforeoftenrequiredtobear thecost of thisadditiona
test. Moreover, thecorrel ation betweentest resultsand
trestment outcomeisnot perfect, andthereisconsderable
variability intheresultsduetofactors,suchasthelocation
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of tissue sampled, the quality of thetissue, and how
MGMT isassayed. Somestudiesreved that methylation
of theMGM T promoterisassociatedwithoverexpresson
of amutant form of p53. Thismutationincreasestumor
invasivenessand predictsaworseprognosis. Similarly,
aninversereationshipbetweenMGMT expressionand
activationof thetumor-suppress ng protein phosphatase
and tensin homolog (PTEN) has been described.
M utationsof theisocitratedehydrogenasegenes| DH1
and IDH2 haverecently beenidentified asimportant
prognosticfactorsinpatientswithglioma. Itispossible
IDH1or IDH2may helpidentify subtypesof patients
withanapl asticastrocytomaor secondary glioblastoma
that haveal ower likelihood of progression.

Imaging asa Predictor of Response

MRI withgadoliniumcontrastisanessential tool for
eva uatingareaswithdisrupted BBB but doesnot provide
information about the specific cause of the disrupted
BBB. Many other advancedimagingtechniqueshave
been proposed to predict whowill respondtovarious
treatmentsand distinguishtreatment-rel ated effectsfrom
tumor progression. Someof thesetechniquesinclude
magneti c resonance spectroscopy, apparent diffusion
coefficient (ADC), amide proton transfer imaging,
fluorodeoxyglucose positron emission tomography
(PET), andnew PET markersincluding*®Ffluoroethyl-
tyrosine, ¥F-fluorothymidine, ¥FFDOPA and !C-
methionine. Diseaseprogress on, whileontemozolomide,
isoftenvery difficulttodeterminewith standard MRI
techniques. ADChasemergedasapotentialy sgnificant
marker of treatment responsein patientswhoarebeing
treatedwithinhibitorsof angiogenesis. ADCisroutingly
reportedwithMRI results, and providesameasure of
overall cell density. ADCsignal islowinareaswhere
cellsare densely packed (eg, in developing tumors),
whereashigh ADC levelsindicatetissue necrosis. A
limitation of many of theseimaging approachesisthat
they requiretechnology that isavailableto very few
researchcenters, aretimeconsumingandexpensive, and
lack validation. Nonetheless, acritical limitationinthe
current practice of neuro-oncology is the accurate
interpretation of tumor response.

Temozolomideand Radiation Ther apy

Theroleof temozolomideinglioblastomai ssupported
by theresultsof alargeclinical trial that wasinitially
reported in 2005 in the New England Journal of
Medicine, in which the addition of temozolomideto

radiotherapy was superior to radiotherapy alone in
patientswithnewly diagnosed glioblastoma. A recent
report of 5-year outcomesfromthisstudy demonstrated
significant long-term benefits of temozol omide and
radiationversusradiationa oneregardl essof patient age,
extentof resection,or MGM T methylationgatus. Overdl
surviva after S5yearswas9.8% withtemaozol omideand
radiotherapy versus1.9% withradiotherapy alone(P
<.0001). Themost commonrisksof combinationtherapy
withtemozolomideandradiationincludehematol ogic
adverseeventssuchasthrombocytopeniaandleucopenia
ChangesinCD4+ cell count havea sobeenincreasingly
recognized asanimportantfactor in patientstreatedwith
temozolomideandradiation. Itisunclear whether low
CD4+ levels should lead to discontinuation of
temozolomide, andif so, what should bethethreshold
CD4+ count for discontinuation.

TheEmerging Roleof Angiogenesisinhibitorsin
theTreatment of Glioma

Treatmentsthat target angiogenes shavebeenshown
toproduceseverd clinically significant effectsinpatients
withglioma,indudingincreasedprogression-freesurviva
in patients with recurrent glioblastoma, reduced
dependency onsteroids, and reduction of intracranial
pressure for some patients. Bevacizumab has been
widely usedin patientswith recurrent or progressive
maignantgliomas Bevacizumabisgenerdlywdl tolerated
andhass deeffectsthat donot overlapwiththecytotoxic
therapiesitisoftenpairedwith. However, angiogenesis
inhibitionhasnot beenshowntosignificantly improve
overal survival. It shoulda sobenotedthat progression
indinicd trid sismeasuredusinggadoliniumenhancement
onMRI. Itisthereforepossiblethat thereported effects
of anti-angiogenesistherapy actually reflect aneffecton
theBBB, rather thanaspecificantitumor effect. There
ared soseverd potentia limitationsof anti-angiogenesis
therapy. Inhibitionof angiogenes smay changethenatura
history of glioblastoma. Thereisexperimental evidence
that tumorsexposed to bevacizumab gain features of
increasedtumor  invas venessandmigration. Bevacizumab
isalsorelatively expensive and hasthusfar not been
showntoimproveoverdl surviva inpatientswithglioma.
Thusfar, thereisno therapy identified to effectively
control thetumor after progression on bevaci zumab.
Moreover, bothclinical reportsand preclinical reports
raise the possibility that bevacizumab may possibly
changethebehavior of sometumors, perhapsactually
increasing the propensity for infiltration. With

5
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Figurel: T1-weighted contrast enhanced axial MRI images (A) before Bevacizumab (B) after Bevacizumab showing
decrease in contrast enhancement and brain edema after bevacizumab administration, thus improvement in MRI images
but there was clinical worsening.

bevacizumabtreatment, itispossiblefor thepatient’s
symptomsand MRI findingstodivergeover time, with
thescanimprovingbut symptomsworsening(Fig.1). A
multidisciplinary approachisessential for planningand
coordinating surgical care, chemotherapy, radiation
therapy, and supportive care, and for evaluating and
Interpreting theresponsetotreatment. M anagement of
treatment and di seaserel ated complicationsmay haveas
great an impact on survival and quality of life as
therapeutics, and may need careful attention.

Other Clinical Considerations in Glioma
M anagement

Several other factors must also be considered in
managing patients with glioma. Hyperglycemiaisa
commonand potentially seriouscomplicationof glioma
treatment. Patient mobility isoftenimpairedasaresult of
steroid-induced myopathy, especially for patientswho
require high steroid doses for long periods of time.
SHzuremanagementisimportanttohe pmaintainquality
of life. Newer antiepil epticagents, suchaslevetiracetam,
zonisamide, andtopiramate, areoftenvery effectiveand
well tolerated, and are unlikely to interact with
chemotherapy agents. Finally, a word about
pseudoprogression. |l tdescribesapatternof radiographic
evidenceof gliomaprogressionimmediately following
treatment that isactually dueto other causes, such as
treatment-rel atedinflammation, ischemia, infection, or
seizures. Pseudoprogressionoccursinasmany as20%
of patientstrested withtemozol omideandradiation, and

may account for asmuch as50% of thepost-treatment
MRI change in these patients. For this reason, most
clinical trialsnow requirethat patientscontinueMRI

assessmentsfor atleast 3monthsafter thecompl etion of
treestmenttoensurethat progressionisduetoglioblastoma
rather than pseudoprogression. Itcanberedl ly difficult
to distinguish among the various potential causes of
imagingchangesus ngconventiona imagingtechniques.
(Dr Ramandeep Singh Jaggi, Consultant, Dept of
Neuro Surgery)
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GUEST ARTICLE

ROLE OF SURGERY IN HIGH GRADE
GLIOMAS

Introduction

Thereisenoughevidencethat extent of tumorremova
iIsanimportant indicator of prognosisfor high grade
gliomas(1,2,3). As much as 64% to 77% of patients
undergoingconventiona microsurgical tumor resection
of high-gradegliomaswhowerethought tohaveagross
total removal, hadresidual disease(1,2). Toachievethis
goal varioustools are available, some of which are
based onimage guidance and some on delineation of
functional brain. Thus, we have neuronavigation
intraoperative MRI, ultrasound, and fluorescence
techniques(2-12). L ast but not theleast istheoperating
microscope, which with its coaxial lighting and
magnification, providesunsurpassed visual inputto
identify abnormal tissueandanatomy.

Text

Extent of Surgical Resection: Surgery establishes
histology, rapidly reduces cell mass and alleviates
symptoms. Possi bly the removal of resistant hypoxic
tumor cell senhancestheefficacy of adjuvant therapies.
Asearly as1959, it wasnoted that extensiveexcision,
especially with the addition of radiotherapy, lead to
greater surviva (13). Thebenefit of extent of resection

Figl:lntegrat 0

hasprimarily beenassessedinuncontrolledretrospective
studies(classlll evidence) (12,14—17).1ded ly whatis
needed isaprospectively randomizedtrial toaddress
theissuesof extent of resectonand outcome. Thereare
only twosuchstudies availabletodateby Vuorinenet
a (18) and Stummer et a (2,3). The former study
showedthat mediansurviva wassignificantly longerin
patients who underwent resection than in those who
werebiopsied. Itdidnot, however, answer thequestion
whether theextent of resection effected prognosis.

Stummerinvestigatedtheusefulnessof aminolevulinic
acid(ALA)-inducedfluorescenceforimprovingresection
andoutcomeinpatientswithmalignantglioma. ALA, a
metaboliteinthehemebiosynthes spathway istakenup
by malignant glioma cellswhereit is converted into
gtrongly fluorescingporphyrins Usngsurgica micrasoopes,
violet-bluelight usedintermittently highlightedthetumor
duringsurgery asaredtissuefluorescence. Thefrequency
of completeresectionwas65%inthe5-ALA surgery
group (n=139) comparedwith 36%intheconventional
surgery group (n=131) usngwhitelight. Thisisreflected
in the overall survival of 15.2 versus 13.5 months
respectively. Thiswasleve | datafor 5-ALA increasing
theprobability of acompleteresectionandalevel I1b
evidence that extent of resectionwasanindependent
survival prognostic indicator. No threshold short of
completeremoval of contrast-enhancingtumor hadan
impact onsurvival. Astheend point of surgery wasthe
removal of all contrast enhancingtumor, intraoperative
MRI isan indispensabletool inachievingthisend.

7
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MRI Based Neuronavigation: MRI isthegoldstandard
for the deleniation of lesions of the central nervous
system. Inframel ess neuronavigation, apreoperative
MRI isregisteredtothephys cal spaceus ngthecontours
of thefacewhichthecomputer “ sees’ using optica or
electromagnetic feedback. A pointer or thefocusof an
operating microscopeisthen used likea3-D mouseto
identify any pointintheregistered physica space.

Functional M agnetic Resonancel maging (fMRI)

Hyperperfus onrdatedtoneurond activity isreflected
asagrester concentration of oxyhaemoglobincompared
with deoxyhaemoglobin. Thisispicked upin BOLD
sequenceswhichisthenfusedwithstructural imagesto
givethefamiliar fMRI. Thisdatacorrelateswell with
Intraoperativecortical stimulation. Thusel oquent areas
canbemapped, includingthemotor cortex, visual cortex,
and language dominance. The inherent poor spatial
resolution of fMRIwhichwhilehd pful inguidingressctions
cannot beusedfor precisedefinitionof thesafelimitswhere
directcortica stimulaionismorerdiable.

Tractography

Diffusiontensorimaging (DTI) basedfiber tracking
or tractography identifiesthesubcortical whitematter
connections. Thisdoesnot requirethecooperation of the
subject and canthereforebeusedtoindirectly identify

Fig 2: Serial images acquired before resection, during and in the completion of resection. Inset

themotor cortex of theparalysedlimb. Thisisdoneby
seedingthecorticospinal tract at thecerebral peduncle
andprojectingitinaretrogrademanner (20).

A space occupying mass can distort and displace
fibre tractsWu et a in a prospective, randomized
controlledtrial had preoperativeDTI scanningon 118 of
238 patientsundergoing resectionfor high- and low-
gradesupratentorid gliomainvolvingthepyramidal tracts
(21).Using neuronavigation, grosstotal resectionwas
achievedmorefregquentlyintheDTI groupascompared
tothecontrol group (74.4%vs. 33.3%). Thistrand ated
intoimprovedsurviva, reduced mortaity andimproved
6-month K arnof sky PerformanceScal escoreproviding
Classl evidencethat fibretract neuronavigationimproved
patientmortality andmorbidity ingliomasurgery.

I ntr aoper ativeM agnetic Resonancel maging

TheMRI iseitherintegratedtotheoperatingthestre
as adedicated unit in the sameroom (Fig 1)or asa
sharedresourceinanadjacentroom. HighfieldMRunits
withfieldstrengthof 1.5and morereducesacquisition
timesandthemorehomogenousmagneticfieldreduces
distortionsandimprovesspatial resolution.fMRI, DTI
perfusion and spectroscopy sequences can also be
performed intra—operatively(22,23).Ferromagnetic
instrumentscan beusedinthesafezonebeyondthe5-

ea |

[
= —

is a screen grab of the monitor displaying neuronavigation images and intraoperative video
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gausslinedemarcated onthefloor.Pre- and post-contrst
T1 images are used for intraoperative monitoring of
brainshiftsandresidual diseaseinhighgradegliomas
(Fig2). Thisisdoneasfrequently asthesurgeonfed sthe
needfor refreshingthisinput totakecareof brainshifts
during surgery related to tumor removal and CSF
drainage.Contrast |eakageto normal tissueincreases
over time and carries arisk of over resection.With
intraoperative MRI, complete removal s are doubl ed
from 36.6%t0 75.6% (24).

With eachadditiona intraoperativeimageacquisition,
thepatient hasto bespecially draped beforemovingto
themachineandagainonreturningtotheoperativefield.
Thisprolongsoperativetimeandbringsarisk of abreak
inthesterilefield. Typically thedurationof surgeryis
between 5-7 hoursand may belonger if intraoperative
neurophysiologyisincluded.

Conclusion

Thesurgical goa inhighgradegliomasistheremova
of al contrast enhacingtumor. This hasbeenthedriving
enginefor thedevel opment of intraoperative M RI and
integrated neuronavigation. Withtheavailability of an
increasing number of MRI sequences, the
neurosurgeon has to balance the utility of each
additional input against thetimerequiredfor acquisition
of datawithitsattendant risk of increased complications
andinfection. Theprohibitivecostswill remainadeterrent
initswidespread use. ALA guided resectionswhile
being more cost effective have not caught on in our
country becauseof theirregular supply.
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PERSPECTIVE

IMPACT OF ADVANCES IN RADIATION
ONCOLOGY IN THE TREATMENT OF CNS
TUMORS

Sinceitsinception over acentury ago, thefield of
radiotherapy has undergone an amazing series of
devel opments. Themaostimportant of thesedeve opments
has been the paradigm of fractionated dose delivery,
technologicadvancesinX-ray productionandddlivery,
Improvementinimagingandcomputer-basedtreatment
planning, andevolvingmodel sthat predi ct how cancers
behave and how they should be approached
therapeutically. In addition, challengesin treatment
planningandradiationdelivery, suchasproblemswith
setup error and organ movement, have begun to be
systemati cally addressed, usheringinaneraof so-called
4-dimensiond radiotherapy.

Radiation therapy is a major component of the
treatment of many primary and metastaticbraintumors.
Standardtherapy for glioblastomamultiformeandother
primary malignant astrocytomascons stsof radiotherapy
afterthefull estpossiblesurgica resectionhasbeenperformed.
Benefit of imaging

Newer advances, including Contrast-enhanced CT,
Magnetic resonance imaging, magnetic resonance
Spectroscopy, andpositronemiss ontomography, provide
uniguei ngghtsintoneuro-oncol ogy, whicharecontributing
tothebetter management of patientswithbraintumors. The
next decade will witnessfurther sophistication of these
techniques, withdataavail ablefromlarger sudies.

Intensity-M odulated Radiother apy

Theinceptionof IMRT broughtwithitgreat optimism
withregardto braintumorsbecausetheradiationdose
conformality availablewithIMRT isunparalded. [talso
allowsfor reductioninthemaximumdosestoorgansat
risk, such asthe brainstem, optic chiasm, lens, optic
nerves, andcerebra cortex, whileachievingcomparable
target coverage in treatment of the central nervous
system. Inthepediatricpopul ationwithmedulloblastoma,
treatmentwithIMRT canachieveal ower rateof hearing
lossdespiteusageof higher dosesof cisplatin. Figurel
shows the IMRT planning for a 10-year boy who
presented ashighrisk caseand underwent radi otherapy
Insupineposition.

Fig 1. IMRT Planning for a case of medulloblastoma

Inglioblastomapatients, IMRT showsreductionin
normal toxicity but dose escalation, regardless of
method, does not appear to lead to improvement in
patient outcomes.

StereotacticRadioSur gery/Ster eotacticRadiation
Therapy

Stereotactic radio surgery (SRS) and stereotactic
radiationtherapy (SRT) areformsof hypofractionated
high-precision, radiotherapy delivery. They are
characterizedby (1) reproducibleimmobilizationof the
target; (2) measuresto account for tumor motionduring
imaging, treatment planning, andradiationddivery; (3)
useof dosedisgtributionstightly coveringthetumor, with
rapid dose fall-off in surrounding normal tissues to
reducetoxicity; and (4), most importantly, the use of
largefractionradiationdoses(SRS).

Inthepast stereotacticradiationtherapy, suchaswith
theGammakK nifewasusedfor braintumors. Thepatient
wasimmobilizedinaboltedheadframeandtheradiation
wasappliedtothetumor withmultiple, sometimesas
many as200, separatenarrow beamsthat all converged
onthetumor .Newer devicesallow stereotactictrestment
without using aframe under image guidance but the
concept still remainssame, i.e. cancer istreated from
multipleanglessuchthat thetumor receivesal argedose
butthenormal tissuesreceivemuchless. Clinical sudies
for recurrent glioblastomarevealed mediansurvival of
8.5months for SRS and 7.4 months for fractionated
stereotacticradiotherapy.

IGRT

By incorporating real-time image guidance
within intensity modulatedradiationtherapy (IMRT),
IGRT alowsradiationoncol ogiststoadjust theradiation
beams so that radiation is delivered with even more
precision. Withcone-beam CT, wecanlocateandtrack
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thebraintumor at thetimeof trestment, and conformthe
radiationtothebraintumor. Thedevel opment of framel ess
image-guidedradiationdelivery systemsgrestly extend
theflexibility of radio surgical treatments. Without a
frame, there are more choices in beam angle, which
makeshypofractionated stereotacticradiotherapy easier.
The CyberKnife (Accuray Inc., Sunnyvale, CA) and
Novalis(BrainLAB AG, Heimstetten, Germany) linear
accelerator systems show adequate precision and
religdbility forintracrania radiosurgery, usngeither frame-
based or framel essimage-guided methods.

ParticleRadiation Ther apy
Proton Therapy

Protons, whicharegenerated by acyclotron, deposit
their energy at theend of the proton’ sbeam path (the
Bragg peak).Thus, practically no radiation dose is
depositedinthetissuethat liesbeyondtheBragg peak on
thebeamaxisascomparedwiththeexponentia decrease
of anon-charged particle-deliveredradiationdosewith
depthintissue. Thisproperty isspecialy valuablewhen
treating braintumorsclosetoother critical organsand
parts of the nervous system. The brain tumors most
appropriatefor protontherapy include:

¢ Gliomas(astrocytomas)
 Ependymomas

» Medulloblastomas

* Pineoblastomas

 Supratentorial PNET

» Germcelltumors

¢ Pituitary glandtumors

» Almostall pediatricbraintumors

Arteriovenousmalformations(AVMs) of thebrain
canalsobetreated using protons.

Carbon Ion Therapy

Heavy ion therapy is a novel technique of high
precision externa radiotherapy. It yields a better
perspectivefor tumor cure of radio-resistant tumors.
Heavy iontherapy isnot ageneral solutionfor all types
of tumors. Ascompared to conventional radiotherapy,
heavy ionradiotherapy hasthefollowingadvantages:

* Highertumor doseandimproved sparingof normal
tissueintheentrancechannel .

» Morepreciseconcentrationof thedoseinthetarget
volumewith steeper gradientstothenormal tissue.

» Higherradiobiol ogical effectivenessfortumorswhich
areradio-res stant during conventional therapy.

Fig 2: Comparision between carbonion (a) and proton (b)

Theresultsof combinedtherapy using 50 Gy of X-
ray and 24.8 GyE of carbonionbeam showedimproved
survival rate for malignant gliomas. The efficacy of
carbon ion radiation therapy needs confirmation in
controlled clinical trials with large patient numbers
comparing carbonionRT withphotonMRT and proton
RT, takingintoaccounttoxicity andquality of life.

Boron Neutron CaptureT herapy

Boronneutroncapturetherapy (BNCT)isapromising
therapeuticmodality for thetreatment of malignant brain
tumors. It is 2-step technique in which compounds
labeled with boron are injected into the patient and
depending onthetumor entity; theinjected compounds
aremoreor lesssdectively enrichedintumor cells. Then,
patientsareirradiated withlow-energy neutronsfroma
nuclear reactor whichreleasea phaparticles. They have
alimited range of 5 to 9 m, and so the therapeutic
irradiationispractically limitedtothecd lswiththehigh
boronconcentration.

Smdl phasel/11 trid sfornewly diagnosedglioblastoma
have overall median survivalsin the range of 13 to
20.7months.Toxicitiesaretypically acuteandrelatedto
atemporal increaseinintracranial pressure. However,
thechallengeremainsfor systematicimprovement of
selectiveborondelivery.

Brachytherapy

Implantationof irradiation sources(brachytherapy)
hasbeenusedforintrinscbraintumorsand metastases
for morethanfour decadesinnumerouspatients. The
majority of studiesreported about the application of
high-doserate(HDR) iodine-125implants(40-70cGy/
h) for high-gradegliomas, including two prospective
randomizedtrial s, which compared standardtreatment
regimentswith/without BT .Thisapproach, however,
wasassoci atedwith highincidenceof radiationinduced
adverseeffectsrequiringrepeated surgery andfailedto
proveany significant oncol ogical benefitascomparedto
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standardtreatment regi ments. Another approachusing
SBT wastheapplicationof low-doserate(L DR) implants
(3-8 cGy/h) for slow growing low-grade gliomas or
brain metastaseswhich demonstratedin several very
recent publications to be associated with only little
permanent deficitsand almost an absenceof radiation
inducednecrosis.

GliaSiteRadiation Therapy System

I ntracavitary ballooncatheter brainbrachytherapyis
arecent gpproachtolocalizedradiationtherapy delivered
withaninflatableballooncatheter filledwithradioactive
125] liquidthroughasubcutaneousreservoir. It adheres
tothewallsof theresection cavity, allowing thetumor
bedtoreceivehighdoseof radiation, whilesparingthe
surroundingbraintissue.

Fig3: GliaStein Malignant glioma

A New ApproachestoBrain Tumor Therapy Central
NervousSysemConsortiumstudy investigeting GliaSite
inthetrestment of recurrentmaignant gliomasdetermined
thattheGliaSitesystemdeliversbrachytherapy safely
andefficiently. PatientsintheNew ApproachestoBrain
Tumor Therapy study received 4000to 6000cGy tothe
target volumeviathe GliaSite system, and amedian
surviva of 12.7 monthswasobservedinthispopulation
withrecurrent disease.

What isclear isthat amegatrendincancer treatment
isasteady, indeedrapid, advanceintheability todeliver
radiationtherapy inamoreeffective, safer manner, often
inmuchlesstimethaninthepast. Radiotherapy,including
BRT may hold morepromiseif biol ogicmechanismsof
radiation can be better understood and biologic
modificationscouldbeaddedinclinical trials.

(Dr Ritu Bhutani, Consultant; Dr Sheh Rawat, &
Consultant; Dr Gourav Gupta, & Resident; Dr Rashmi
Sngh, & Resident; Dr Parveen Ahlawat, DNB Sudent,
Dept of Radiation Oncology)

CANCERCONTROL

Brain Cancer amongFarmWorkers

A study conducted at National School of Public
Hedlth, RiodeJaneiro, Brazil, hasshownincreasedrisk
of braincancer amongagricultural farmworkers. Inthis
case-control study 2040 individualswere defined as
having brain cancer asthe underlying cause of death
based on death certificatesof males, (18 yearsor older),
who died between 1996 and 2005. For each case two
controls(n=4140) wererandomly selected, matchedfor
agegroupandregionof resi dence. Besidesthedescriptive
analysis, crudeand adjusted oddsratiosand mortality
oddsratiowerecal culated. Agricultura workersshowed
higher brain cancer mortality risk estimates when
compared with non-farm workers. In addition, the
associ ationwashigher amongwhitepati ents, withhigher
education, andresidenceinanagricultural region. This
study suggestsanassoci ation betweenagri cultural work
andbraincancer mortality anda sosuggeststhat peticide
exposuremay play aroleinsuchrisk.

(Int J Hyg Environ Health, Sep 2012)
Parity,Ageat First Birth,and Risk of Brain Cancer

ResearchersfromKaohsiungMedical University,
Taiwanhaveshownthat parity andearly ageatfirstbirth
may play aroleintherisk of braincancer. Thestudy was
conducted on 1,292,462 women who had afirst and
sngletonchildbirthform1978-87. Eachindividua woman
wastrackedfromthetimeof thei r first childbirthto 2009,
andthervitd satuswasascertained by mortaity database.
Therewere316 braincancer deathsduring 34,980,246
person-yearsof follow-up. Themortality rateof brain
cancer was0.90 casesper 100,000 person-years. The
adjusted Hazard Ratio (HR) washigher forwomenwho
gavebirthbetween 21 & 25, andfor womenwhogave
birthafter 25yearsof age, whencomparedwithwomen
whogavebirthlessthan20years. A trend of increasing
risk of braincancer wasseenwithincreasingageat first
birth. Theadjusted HR washigher for womenwho had
givenbirthtoonly onechild comparedto womenwho
had 2 children, andwomenwith3or morebirths. There
wasasignificant decreasingtrendintheHRsof brain
cancer with increasing parity. This study provides
evidencethat parity andearly ageat firstbirthmay confer
aprotectiveeffect ontherisk of desthfrombraincancer.

(BMC Public Health, Oct 9, 2012)
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NEW TECHNOLOGIES

Drugfor RarePediatricBrain Tumor

TheUSFoodand DrugAdministrationhasapproved
Afinitor Disperz, a new pediatric dosage form of anti-
cancer drug Afinitor to treat subependymal giant cell
astrocytoma, a rare brain tumor. The drug has been
recommendedtotreat patientswithageof oneyear and
older with tuberous sclerosis smplex (TSC) whose
tumor cannot besurgically removed. TheTSCisarare
geneticdiseasewhich causestumorstogrowinbrainand
other vital organs. Theappropriatedosageforms, like
Afinitor Disperz, hel ptoensurethesafeandeffectiveuse
of oncology druginchildren. Thedrugisavailablein
smaller doseincrementsthantheadult dosageformand
getseasily dissolvedinasmall volumeof water. This
makesdrugadministrationeasy inthepatientswhoare
unabletoswallowthewhol etablet. Theactiveingredient
indrugworksby blockingtheuncontrolledactivity of a
proteincaledmTORKinase. Themostcommons deeffects
of thedrug observed weremouth ulcersand respiratory
tractinfections. Thedrugisclassifiedasanorphandrug
becauseitisintendedtotreat ararediseasecondition.

(US Food and Drug Administration, Aug 29, 2012)
L aser TechnologytoFight Brain Tumor

Ateamofinvestigatorsat theUnivergty of Tennessee
havedevel oped asuperfast |aser procedurethat could
serveasanon-invasivetreatment of cancer, especially
whenthediseaseislocatedinthebrain. Thetechnol ogy
worksby seekinganddestroying canceroustumors. The
technology uses a femtosecond laser, that means it
pul sesat speedsof one-quadrillionth of asecond. Such
higher speed makesit possibletofocusonaparticul ar
regionandacutely locatethetumor. After thecancerous
areaistargeted, only the laser radiation needsto be
turneduptoirradiatethetumor. Thetechniquehasthe
competenceto bemore preci sethan existing methods
andthetreatment may beadmini stered asan outpatient
procedure. Theimagingmechanismcannon-invasively
permestethinlayersof bone, suchasskull. Furthermore,
duetoitsprecision, thereisless chance of collateral
damageof healthy braintissue. Themethod may also
overcomethelimitationsof photodynamictherapy that
haslimited applicationand surgery whichmay not bea
choiceif thewhol ecarcinogenictissuecannot beremoved.

(The University of Tennessee, July 23, 2012)

New Surgical Probefor Brain Tumors

Researchersat theNorrisCotton Cancer Center and
theThayer School of Engineeringat Dartmouth College,
Hanover, havedevel oped aprobewhichmay beusedto
differentiatecanceroustissuefromnormal duringsurgery.
Theprimary braintumorslook likebraintissueandcan
bedifferentiated only if seenunder aparticul ar kind of
light. Toimproveability todiscriminatebetweentumor
cellsand hedlthy tissueduring surgery, thepatientsare
givenanora doseof chemical 5-aminolevulinicacid
(ALA).AnenzymemetabolizesAL A andproducesthe
fluorescent protein Ppl X. Tumor cellshave ahigher
metabolicratethannormal cdlls, socanaccumulatemore
Ppl X andthereby fluoresceon exposuretobluelight.
Thenewsurgica probecombinesviolet-blueandwhitelight
tosimultaneoudy analyzetheconcentration of Ppl X and
four other biomarkers: Ppl X breskdownproducts, oxygen
sturation, hemoglobinconcentrationandirregul arity of cell
shapeandsize. Theprobereadshowthelight travel safter
hittingti ssueand sendsthisinformationtocomputer, runs
itthroughanalgorithmand showsthecanceroustissue.
Another advantage of the method is the capability to
highlightthel ow-gradetumorintissue Theprobeintroduces
apromisingmethodtohel psurgeonstoremovethetumor
whilepreservingintact adjacently hed thy tissue.

(Science Daily, July 24, 2012)
Spectroscopic ‘Fingerprints to Diagnose Brain
Tumors

Researchersat Lancaster University haveshownthat
infrared (IR) and Raman spectroscopy, coupled with
statistical analysiscanbeusedtodifferentiatedi seased
braintissuefromhedlthy tissue. TheRaman pectroscopy-
driven*fingerprinting’ technique, basedonitshiochemica-
cell fingerprint, yieldsaccurateresultsinseconds. The
methodisal soabl etoidentify whether thetumor originated
inbrainorwassecondary cancer arisngfromanunknown
primary site. Thiswould help to recognize previously
undetected cancer e sewhereinthebody andthusimprove
patient outcomes. Thecurrent method may becombined
withconventiona methods suchasimmunohisiochemidry,
to detect and grade brain tumors to allow for more
accurateplanningand execution of surgery/ radiation
therapy whichoffersmorepotential for individualized
trestment. Thecurrentstudy indi catesthatIRand/ or Raman
spectroscopy have the potentia to provide a novel
diagnosticapproachintheaccuratediagnosisof brain
tumorsandmay a sobeusedinintra-operativediagnoss.

(Anal Methods, Sep 7, 2012)

13




CANCER NEWS

DECEMBER 2012

CLINICALTRIALS

BevacizumabandIrinotecaninPrimaryBrainTumors

Researchers from Rigshospitalet, Denmark,
performedaprospectivephasel | trial to seetheefficacy
of bevacizumabandirinotecanin patientswith primary
braintumorsand progression after standardtherapy. A
total of 85 patients wererecruitedinthestudy andgiven
intraveneousbevacizumab 10mg/kgandirinotecan 125/
340mg/m(2) every 14 days. Primary endpointswere
progression free survival (PFS) and response rate.
Evaluation was carried out every eight weeks using
magneti cresonancei maging and Macdonal d response
criteria. Of thesepatients, 32hadglioblastomamultiforme
(GBM), 33hadgliomaWHOgr.l11,22WHOgr. 1 glioma
and 8 patients were with different histologies. Results
revedledthat overall responserate(ORR) for GBM was
25% and 59% achieved stabl edisease (SD) and median
PFSwasb.2months. Forgradel I gliomasORRwas21%
and 45% had SD and median PFS was 3.7 months.
Majority of the patients achieve at least disease
stabilization. Thistrial showed that combination of
bevacizumab and irinotecan is well tolerated and
moderately efficaciousinGBM andWHOGgr. 111 gliomas

(Acta Oncol, July 2012)
DasatinibPlusErlatinibinRecurrentMalignant Glioma

The outcome for the patients with metastatic
medulloblastoma(MB) ispoor. A phasel/Il trial was
doneat Children’ sHospitd of Pittsburgh, toestimatethe
feas bility of administeringcarbopl atinasaradiosensitizer
duringcraniospinal radiationtherapy (CSRT) topatients
(n=57)withhigh-risk. All thepatientsunderwent surgical
debulking followed by 36 Gy CSRT. During CSRT,
patientsrecel vedweekly vincristineaswel | ascarboplatin
dosesranging from 30 mg/m?/dosex 15to 45 mg/m?/
dosex 30, given 1-4hoursprior toeach RT fraction. Six
weeksafter completing chemoradiotherapy, patients
received six courses of monthly CPM (2 gm/m?) and
VCR. Four-year overal survival (OS) and event-free
survival (EFS) fortheentiregroupis81+5%and 66+
6%. Thrombocytopeniawasdoselimitingand 35mg/m?
wassel ected asthemaximumtolerated carbopl atindose.
Theoveral resultsshowedthat theuseof daily carboplatin
asaradiosengtizer gppearstobeapromising strategy for
patientswithmetastaticM B.

(J Clin Oncaol, July 2012)

Treatment Optionsfor Elderly Patientswith GBM

A randomised phase Il trial was conducted at
Linkoping University, Sweden, toassesstheoptimum
palliativetreatmentin patientsage 60 yearsand older
withglioblastoma(GBM). Total 342 patientswithnewly
diagnosed GBM wererecruited, randomizedandgiven
temozolomide (TZM) [200 mg/m(2) on days 1-5 of
every 28 days for up to six cycles|, hypofractioned
radiotherapy (HypoRT) (34-0Gy in3-4 Gy fractions
over 2weeks), or standardradiotherapy (RT) (60-0Gy
in 2:0 Gy fractions over 6 weeks).From total 342
patients, 291 wererandomised acrossthreetreatment
groups(TZM n=93, hypoRT n=98, standard RT n=100)
and 51 of themwererandomisedacrossonly twogroups
(TZM n=26, hypoRT n=25). Outcome of the study
showed similar overall survival (OS) for the patients
receiving TZM or hypoRT (8-4months[n=119] vs7-4
months[n=123) but median OSwassignificantly longer
with TZM. For ageolder than 70 years, survival was
better withTZM andwithhypoRT thanwith standard
RT. Throughthestudy itwasconfirmedthat bothTZM
andhypoRT shouldbeconsi dered asstandard treatment
optionsinelderly patientswithGBM.

(Lancet Oncol, Sep 2012)
Verubulin& Carboplatinin Relapsed GBM

A phase | trial was conducted at the
Huntsman Cancer Institute, University of Utah to
determine the safety and tolerability of verubulinin
combinationwith carboplatinin patients(n=19) with
relapsed glioblastoma multiforme (GBM), who had
received prior trestment with surgery, radiotherapy,
temozolomide and had either residual or recurrent
disease. Three pre-selected doses of verubulin were
tested: 2.1,2.7,and 3.3 mg/m(2) anditwasgivenevery
second week of a 6-week cyclein the 2.1 mg/m(2)
cohort or weekly for 3 weeks of a 4-week cyclein
subsequent cohorts. Carbopl atinwasadministeredevery
2 weeksforthe2.1 mg/m(2) cohortor onday 1 of each
4-week cycleinsubsequent cohorts.Of thesepatients, 2
achieved partia response, 1remainedprogressionfree
and 5 patientshad stabledisease. Adverseeventswere
seenindpatietns,includinghypesthesia, cerebrd ischemia
and anemia. Throughthisstudy, it wasconcludedthat
thecombi nationof verubulinat theprevioudy determined
single-agent maximumtol erated doseof 3.3 mg/m(2)
with carboplatinin patientswithrecurrent/refractory
GBM issafeandwell tolerated

(J Neurooncol, Nov 2012)
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GLOBE SCAN

WorkingMemory and Facial Expression

Patients with brain tumors may have cognitive
dysfunctions,includingmemory deterioration, suchas
workingmemory, that affect quality of life. Thisstudy
exploredthepresenceof defectsinworkingmemory and
theidentificationof facial expressionsinpatientswithleft
frontal glioma. This case-control study recruited 11
matched pairsof patientsand healthy control subjects
fromMarchthrough December 2011. Thepsychologica
testscontai nedteststhat estimated verbal /visual -spatial
workingmemory, executivefunction,andtheidentification
of facia expressions. Accordingtothepaired samples
analysis, therewereno differencesintheanxiety and
depressionscoresor intheintel ligencequoti entsbetween
the2groups. Patientswithleftfrontal gliomahad deficits
inverbal working memory and the ability toidentify
anger. Thesemay haveresultedfromdamagetofunctiondl
frontal cortexregions,inwhichrolesinthese2capabilities
have not been confirmed. However, verbal working
memory performancemight beaffected by emotional
andtumor-relatedfactors.

(China: Neuro Oncol, Sep 14, 2012)
I ntegrinsand p53Pathways

Glioblastomaisthemost commonmalignant primary
brain tumor. Surgical resection, postoperative
radiotherapy plus concomitant and adjuvant
chemotherapy withtemozolomide(TMZ) isthestandard
of carefor newly diagnosed glioblastoma. Inthe past
decade, efforts were made to decipher genomic and
corepathway alterationstoidentify clinically relevant
glioblastomasubtypes. Based onthesestudiesand more
academicexplorations, new potentia therapeutictargets
werefoundandseverd targetingagentsweredevel oped.
Suchmoleculesshouldhopefully overcometheres stance
of glioblastoma to the current therapy. One of the
hallmarksof glioblastomasubty peswastheenrichment
of extracd lular matrix/invas on-related genes. I ntegrins,
whicharecell adhesionmoleculesimportantinglioma
cell migration/invasionand angiogenesi s, wereoneof
thosegenes. I ntegrinsseemto bepertinent therapeutic
targets and antagonists recently reached the clinic.
Although the p53 pathway appears often altered in
glioblastoma, conflicting results can befound in the

literatureabout theclinically relevantimpact of thep53
statusintheresistanceto TMZ.

(France: Front Oncol, Oct 31, 2012)
EpilepsyintheEnd-of-LifePhase

Epilepsy iscommonin patientswith braintumors.
Petientspresentingseizuresasthefirst sgnof amalignant
gliomaareatincreasedrisk of recurrent seizuresdespite
treatment with antiepileptic drugs. However, littleis
knownabout theincidenceof epilepsy inthelast stageof
disease and in the end-of-life phase of brain tumor
patients. A total of 157 patients were available for
analysis. Of these patients, 58 (36.9 %) presented
seizures in the last month before death. The risk of
seizuresin the end-of-life phaseis higher in patients
presenting previoushistory of epilepsy, particularlyin
patientswithlate-onset epilepsy. Out of the58 patients
presenting seizuresinthelast monthof life, 86.2 % had
seizuresprevioudy and 13.8%wereseizure-free. Most
patientsmay encounter swa lowingdifficultiesintaking
anticonvulsantsorally duetodysphagiaanddisturbances
of consciousness, thusanti convul sant trestment needsto
bemodifiedinadvance.

(Italy: J Neurooncol, Oct 20, 2012)

Risk of Brain Tumors
Peoplewhocarrya“ G” insteadof an* A” ataspecific
spotintheir geneticcodehaveroughly asix-foldhigher
risk of devel oping certaintypesof braintumors. This
couldhe presearchersidentify peopleatrisk of devel oping
certainsubtypesof gliomaswhichaccount for about 20
percent of new brain cancersdiagnosedannually inthe
USandmay leadtobetter surveillance, diagnosisand
treatment. A few yearsago, researchersbeganhunting
for regionsof thegenomethat might beassociatedwith
thedevel opment of gliomas. They observedaportion of
chromosome 8 that contained single nucleotide
polymorphismsor“ SNPS’ associatedwithbraintumors.
One — the SNP called rs55705857 — confers a
relativerisk approaching that seenwith BRCA1, the
breast cancer gene. Thisregionwasonly foundthrough
themost [aboriousmethod used by theresearchers, next
generationsequencing, suggestingthat experimenta and
mathematica shortcutsmay misssuchrare, highly potent
genevariants. They foundthat havingthe* G” guanine
vers onof thisSNP—rather thanthemorecommon“A”
adenineversion—wasstrongly associated with sl ower

growinggliomeas.

(USA: Nature Genetics, Aug 26, 2012)
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INFOCUS

METHYL GUANINEMETHYL TRANSFERASE
INCNSTUMORS

DNA isthemostimportant moleculesupportinglife
that ensuresstructural andfunctional integrity of acell.
DNA mustremainunalteredthroughthelifeof acell and
alterationsinDNA called mutationsor rearrangement
caninexorably pushthecdl| toitsdesthor moreominoudy
towardscanceroustransformation. Suchsinister being
theimplicationsof DNA aterations, itsimmediaterepair
torestorenormal structureisof paramountimportance
and naturehasbuiltinanear fool proof mechanism of
DNA repair adbeitwithsomedippagesoccasionaly with
itsdel etriousconsequences.

Themechanismsof DNA repair canbedividedinto

twobroad categories:

1. Reversal of the chemical reaction responsible for
DNA damage

2. Removal followed by replacement of the damaged
basesby newly synthesized correct bases/nucleotides.

Thelatter of thetwoisthedominant processandone
of greater importance, however, inthepresent contextit
istheformer that interest usand isdiscussed in some
detail below.

UV light causes DNA damage by formation of
pyrimidinedimers, inwhichadjacent pyrimidinesonthe
samestrand of DNA arejoined by theformation of a
cyclobutaneringresultingfrom saturation of thedouble
bondsbetween carbons5and 6. Theformationof such
dimers deforms the structure of the DNA chain and
blockstranscriptionor replicationpast thesiteof damage,
sotheirrepairisclosely correlatedwiththeability of cells
tosurviveUV irradiation. Onemechanismof repairing
UV-induced pyrimidinedimersisdirectreversal of the
dimerization reaction. The process is called
photoreactivationbecauseenergy derivedfromvisible
lightisutilizedto break thecyclobutanering structure.
The original pyrimidine basesremainin DNA, now
restoredtotheir normal state. Asmight beexpectedfrom
thefact that solar UV irradiationisamajor source of
DNA damage for diverse cell types, the repair of
pyrimidinedimersby photoreactivationiscommontoa
variety of prokaryoticandeukaryoticcells,includingE.
coli, yeasts, and some species of plantsand animals.

Curioudy, however, photoreactivationisnotuniversal;
many speci es(includinghumans) lack thismechanismof
DNA repair.

Another form of direct repair deals with damage
resultingfromthereactionbetweenakylatingagentsand
DNA. Alkylating agentsarereactivecompoundsthat
can transfer methy! or ethyl groupsto a DNA base,
thereby chemically modifying the base. Particularly
important type of damage is methylation of the O°
position of guanine, because the product, O°-
methylguanine, formscomplementary basepairswith
thymineinstead of cytosine. Thislesioncanberepaired
by an enzyme called “O®f-methylguanine
methyltransferase” (MGMT) that transfersthemethyl
groupfrom O°-methylguaninetoacysteineresidueinits
active site. The potentially mutagenic chemical
modificationisthusremoved, andtheorigina guanineis
restored. Thisdirect repair reactioniswidespread in
both prokaryotesand eukaryotes, includinghumansand
iscarriedout by enzymeMGMT (Figl).
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Fig 1. The methyl group has been taken up by MGMT. It is
however, not reconstituted and in that sense different from

atrue enzyme.

MGMT & Glioblastoma (GBM)

Withthisbackground, letusnow seetheroleof treatment
of gliomaswith Temozol omideandthe cooperationof
theDNA-Repair GeneMGMT.

Temozolomide(TMZ) istheonly anticancer drug
that has been shown in aphaseI11 study to improve
survival inGBM whenadministeredwith concomitant
radiotherapy. TMZisanord alkylatingagent that |eads
tocell desth by alkylation of theO6 positionof guanine
and subsequent disturbanceof DNA replication. Those
brain tumorswhich have Epigenetic silencing of O°-
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methylguanine-DNA-methyltransferase(MGMT) by
promoter methylation respond to Temozolomide,
however, those bereft of this epigenetic silencing of
MGMT respond poorly. Let usdeal in subsequent
paragraphswith seethemodeof actionof TMZ andthe
synergigticeffectof MGMT silencing.

Oraly administered TMZ isconverted into 5-(3-
methyltriazen-I-yl)imidazole-4-carboximide(MTIC)in
water/blood with little or no enzymatic component.
MTICisbrokendowntomethyldiazoniumcationand5-
aminoimidazole-4-carboxamide(AIC). Al Cisexcreted
viathekidneysand methyldiazonium cationsdeliver
methyl groups to DNA. These methyl groups are
transferredtothe6th position oxygenatomsof guanine
and O6-methyl guaninesareformed. O6-methylguanine
mi spairswiththymineinstead of cytosineduringDNA
replication. TheO6-methylguanine:thyminemispair can
berecogni zed by thepost-replicationmismatchrepair
system, whichremovesadaughter strandalongwiththe
thymine, leavingtheO6-methylguaninetoagainpairwith
thymineduringgapfilling[Fig1]. If replication of the
gapped structure occurs, double-strand breaks can
form. Unless repaired by the recombination repair
pathways, they resultincell death[Fig 2]. Becausethis
cytotoxityisreplication-dependent, methyl ating agents,
including TMZ, aremoreeffectiveontumor cellsthanon
quiescentcells

Temozolomide (TMZ) isan anticancer drug that
adds methyl adducts (M) to DNA, which eventually

| TEMOZO L2 MIDE |

!

Methyltraze n-1-yl imidaz ole-
d-@rbozamide MMATIC)

§

| ethyldiazo nium ion, |

730

GIIAMNIME

O " METHYLGUAMIME

leads to apoptosis. Tumor cells can resist killing by
express ngwild-typemethylguaninemethyltransferase
(WT-MGMT),aDNA-repair proteinthat excisestoxic
methyl lesionsfromtheO° position of guanineresidues.
Haematopoi etic stem cellsproducevery low level sof
MGMT and are therefore killed by TMZ (Fig3).
Treatment of cellswith Of-benzylguanine(B or 6-BG)
canovercomeWT-MGMT-mediatedresistance. This
drughbindsdirectlytoMGMT, inactivatingitsability to
repair DNA. Hence 6 BG can extrinsically induce
slencingof O%-methylguanine-DNA-methyltransferase
meaking Temozolmideeffectivein thosetumorswhichdo
not haveintrinscepigeneticslencingof MGMT.

A sgnificantdisadvantageof tresting patientswith 6-
BG isthat it makes haematopoietic cells even more
senstiveto TMZ, andtheresultingbone-marrowtoxicity
becomes dose limiting (Fig 3). Bone-marrow cell
protectioncanbeachievedby transducinghaemeatopoietic
stemcellswithavector that expressesaP140K mutant
MGMT cDNA (P140K). ThisMGMT variantisresistant
to 6-BG-inducedinactivation, but retainssignificant
DNA-repair activity. Treating patientswithTMZ and 6-
BG, whentheir stem cellsexpressthe P140K vector,
mightallowfortumor-cdll killingwithconcomitant bone-
marrow protection.

Thereispressing needfor molecular teststhat assist
intheidentificationandmonitoring of themost effective
treatment for each individual cancer patient. Thisis
especially truewith cancer therapeuticsthat relieson

S-aminoimidazok-a-
carboxamide [A1C]
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Fig 2: Mechanism of action of temozolmide . MGMT by removal of methyl group repairs the genome thereby preventing
apoptosis. Silencing of MGMT does not allow the genomic repair and pushes the cell to its demise through apoptosis.
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Fig 3: Showing mechanism of action of TMZ with its synergistic effect in combination with 6-BG and there bone marrow toxicity.

inducing DNA damageinthetumor. MGMT protein
andmRNA levelsintumor tissuescan beeval uated by
immunohistochemistry, andreversetranscription-PCR
(RT-PCR)/real-time RT-PCR, respectively. The
activity of MGMT ismeasurableby anenzymeassay.
Themethylation statusof the MGMT genehasbeen
assessedwithmethylation-specificPCRus ngbisulfite-
modified DNA samples. For diagnostic purposes, the
methyl ation-specific PCR isof advantage compared
withthemeasurement of MGMT protein activity or
MRNA level becausetissue contamination of non-
neoplastic cellsdoesnot interferewiththedetectionof
genomicmethylationintumor cells. Additionaly, itis
difficult to apply immunohistochemistry to assess
MGMT expression for diagnostic purposes as the
immunostai ning proceduresandantibodiesmight differ
betweendifferentlaboratories.

Furthermore, as revealed by qualitative analysis
studies, thecorrel ationbetweenthemethylation statusof

theMGMT promoter andtherdative MGMT expresson
level (either positive promoter methylation and low
expressionor negativepromoter methylationandhigh
expression) has been found statistically significant,
indicatingthat patientswithglioblastomacontaininga
methylated MGMT promoter benefited from
temozolomide, whereas those who did not have a
methylatedMGMT promoter didnot havesuchabenefit

To conclude, Epigenetic silencing of O¢-
methylguanine-DNA-methyltransferase(MGMT) by
promoter methylationisassoci atedwithimprovedsurviva
inglioblastomastreatedwitha kylatingagents. MGMT
(AGT)activityisacritical determinantof akylatingagent
sengitivity. MGMT inactivationmay predictincreased
sengtivity toakylatingagentswhichareeva uatedwith
promoter methylationassays.

(Dr Anurag Mehta, Director Lab Services;, Dr Jatin
S Gandhi, Specialist Lab Services, RGCI & RC)
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THEPINK RIBBONMEET

Breast Cancer no longer rings a death bell. The
paradisel ost hasbeenregained. October marksthebirth
of theppink ribbon andboth October and thepink ribbon
hasever sincebecomesynonymouswithbreast cancer.
Inanendeavour to carebeyond cureand celebratelife
beyond survival, Rgjiv Gandhi Cancer Institute &
Research Centre (RGCI & RC) organized“ The Pink
RibbonMeet”, anannua symposiumfor breast cancer
survivorsasatributetoall thosepink fairiesbornout of
labour of breast cancer on 22nd of October 2012 at
Indialnternational Centre, NewDelhi.

Dr.Kapil Kumar, Sr. Consultant & Chief, Breast,
Thoracic& Soft TissueServices, RGCI & RC,whohad
takentheinitiativetoorganizetheevent welcomedthe
gathering. Hesaid“ Survivorshipisalifelongprocess. In
itsendeavour to care beyond cure, the Rajiv Gandhi
Cancer Ingtitute& Research Centreconsidersitaprime
responsibility to create awareness about issues that
challengethesurvivorsandtoeducateabout methodsto
tacklethem. Survivor symposiumslay theplatformfor
interactionwithcancer specidigts, strengthentheir bonds
& enlighten them with knowledge applicable after
treatment. Dietary measures to avoid weight gain,
methodsto combat lymphedema, Informationonwigs
andprostheseswerededltinacomprehensivemanner”.

Theevent wasinaugurated whenthelampwaslit
by Shri Rakesh Chopra(Chairman), Dr. A K Dewan
(Medical Director) and Dr. Kapil Kumar. Dr. A K
Dewan delivered the inaugural address and
congratulatedthesurvivorsas*“fighters’. Shri Rakesn
Chopralaunched ahelpline(+91-11-4702 2007) in
thehospital for breast cancer survivorsontheoccasion
and hoped that theevent woul d educate, entertain and
empowersurvivorsthroughthenewjet of life.

Ms. AnitaKumari, Clinica Psychologist& Incharge
of Breast Comprehensive Care Centre at RGCI &
RC delivered a speech on issues pertaining to life
beyond breast cancer. Thenapresentationonexercise
and posture to avoid lymphedema was given by
Dr. Tarwinder Kaur, Physiotherapist, RGCl & RC.
To Balance your energies Dietician Ms.Preeti Jain
gave dietary tips to avoid obesity which is very
much pertinent to breast cancer survivors.

- \ |
Lamp Lighting Ceremony by (L to R) Dr A K Dewan,
Shri RK Chopra and Dr Kapil Kumar

. 1 YAV
(L to R) Dr Kapil Kumar, Dr S A Rao, 1Dr D C Doval,
Dr SK Sharma and Dr Jatin Gandhi

Ms.Indubalaa cancer survivor who battled not
onceor twicebut fivetimeswith breast cancer cameup
withherinspiringversionof “whenl met with breast
cancer” which moved many of theaudiencetotears.
Mrs. SumanaBasu & Mrs.Parmitabothof themwho
had recent surgery for breast cancer volunteered to
sharetheir experience.

Inalighter veinthestaff of RGCI & RC played
a skit enacting the role of a young unwednewly
diagnosed breast cancer patient in an educative
manner. Thiswasfollowedby aninteractive® Ask the
Expert’s Session”, where survivorsclarified their
guerieswith cancer specialistsfromtheinstitute.

Thebreast cancer survivorssigned off theevent
with their hands imprinted pink on the wall of
appreciation.

(Dr S Veda Padma Priya, Consultant; Dr Ashish God,
Consultant; Dr Kapil Kumar, & Consultant; Dept of
Surgical Oncology)
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