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Immunotherapy is a new class of cancer treatment that directs the body’s own immune system to fight cancer cells.
Theclinical goal of tumor immunotherapy isto provideeither passive or activeimmunity against malignanciesby harnessing
theimmunesystemtotarget tumors. Passiveimmunotherapy isadministration of animmunol ogically activeagent madeoutside
the body such as administration of monoclonal antibodies or adaptive cell therapy. Active immunotherapy focuses on
stimulating the hosts own immune system to eradicate cancer, by vaccination with tumor antigens, non specific
immunemodul ation, or targeting negative regulatory receptorsthat prevent the development of the tumor immune response.

Thepillarsof human cancer therapy havehistorically been surgery, radi otherapy, and chemotherapy, but afourthmodality
of immunotherapy hasbeenwell documented since 1890.The addition of immunotherapy to the oncol ogist’ sarmamentarium
representsaparadigm shiftintheway cancer istreated. Theincreasing availability of immunotherapeutic agentsisparticularly
encouraging for patientswith tumor typesthat have historically been associated with poor survival. Monoclonal antibodies,
cytokines, cellular immunotherapy, and vaccines have increasingly become successful therapeutic agents for the treatment
of solid and hematol ogical cancersin preclinical models, clinical trial's, and practice. Because of theimmune system’ sunique
properties, these therapies may hold greater potential than current treatment approaches to fight cancer more powerfully by
offering longer-term protection against the disease with fewer side effects.

The immunotherapy of cancer has made significant strides in the past few years due to improved understanding of the
underlying principles of tumor biology and immunology. In 2010, sipuleucel-T received the first US Food and Drug
Administration (FDA) approval of a cancer vaccine for the treatment of metastatic castration-resistant prostate cancer.
It employs an adjuvant component to enhance the function of antigen presenting cellsand immune effectorssuch as T cells.
Thiswasfollowed with the FDA approval in 2011 of the drug ipilimumab for the treatment of metastatic melanomathrough
potentiating T cell activity. Thistherapy isnow considered asthethird wavein cancer therapy after conventional treatments
and targeted agents.

Thefield of cancer immunotherapy has seen many highs & lowsand the myriad of approachesunder devel opment today .
Indeed, itisopinedthat cancer immunotherapy i sapproaching awatershed moment whereit transitionsfromthe experimental
to mainstream cancer treatment. However, critical to that transition is the need for understanding how to utilize all of the
therapeutictool sbhecoming availableto optimally managepatients. Thefutureof immunotherapy will likely involvecombination
of immunotherapy such asvaccinesand immunomodul ators, and immunotherapy with poor potentinhibitorsof tumor signaling
pathways that remit disease in more than half of treated subjects.

andfeaturestheregular articles, suchas'Special Feature','Guest Article', 'Perspective', 'In Focus, 'Research and Devel opment’,
‘New Technologies, 'Clinical Trial',"Watch Out' and'In Focus. Weare grateful for the contributionsmadeby Dr Lalit Sehgal,
PhD Postdoctoral Fellow, Dept of Lymphomaand Myeloma, University of TexasM D Anderson Cancer Center, USA, Dr Swgata
Das of National Institute of Technology, Tiruchirappalli; Dr Dipanjan Ghosh of University of TexasMD Anderson Cancer
Centre, USA and Dr ChaitanyaKumar, Associate Director, APAC Biotect, Gurgaon.

Suggestions/ comments from the readers are welcome.

DrDC Dovalj

(CON'IENTS \
 Special Feature:Cancer Immunotherapy: Conqueringover Self [3-5]

e Guest Article: Tumour Infiltrating Lymphocyte(TIL) Therapy: Hittingthe Target [6-8]

* Perspective:Indian Scenarioin Cellular Immunotherapy[9-10]

* Research & Development: Antitumor Immunity; Combination Therapy; Immunotherapy and Gene Therapy;
Immunotherapy of AcutelL ymphoblasticLeukemia[11]

* New Technologies: New |mmunotherapy for Me anoma; Novel |mmunotherapeutic Tool; Target for Cancer Immunotherapy [12]

* Clinical Trial: Combination Immunotherapy for Melanoma Patients; CIK Cells for Pandreatic Cancer; Ipilimumab
Retreatment for Advanced Melanoma; Multiple Peptide V accinefor Esophageal Cancer [13]

» Watch Out: Compositionsfor Immunotherapy; Determining PD-1 Activity Using GeneExpress on Profiles; Immunotherapies
DerivedfromViruses[14]
» InFocus: Cancer Immunotherapy with Chimeric Antigen Receptor (CAR)-T-cells[15-19]

J

Research & AnalysisTeam |( Publishedby: Rajiv Gandhi Cancer Institute & Research Centre
Research Department Sector - 5, Rohini, Delhi - 110085, India

l l
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
: Thepresentissueof theCancer News"Immunotherapy in Cancer" highlightsnewer advancesinthefield of immunotherapy :
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
l |

nformation published does not, therefore, imply endorsement of any product/process/producer or technology by RGCI& R

C This publication aims at disseminating information on pertinent developmentsin its specific field of coverage. The )
i C.
\ /




CANCER NEWS

AUGUST 2014

SPECIAL FEATURE

CANCER IMMUNOTHERAPY: CONQUERING
OVER SELF

After over two decades of untiring efforts to
understand how tumors escape the body’s immune
systemandhow touseour ownimmunity tofight cancer
cells, groundbreaking results are being seenin many
small but landmark studies. The impact seems so
promisingthat TheSCIENCE magazinehaslabeledthis
approachastheBREAKTHROUGH OFTHEY EAR
2013. Thepresent issue of the Cancer Newsexplores
thenew approacheswhichmay radically changetheway
wetreat cancer over thenext decade.

The Past

Theearly stepsweretaken by cancer immunologist
JamesAllison, nowattheUniversty of TexasM D Anderson
Cancer Center in Houston. In the late 1980s, French
researchers who weren't thinking about cancer at all
Identifiedanew proteinreceptor onthesurfaceof T cells,
cdledcytotoxic T-lymphocyteantigen4orCTLA-4. Allison
foundthat CTLA-4putsthebrakesonT cdls, andprevents
themfromlaunchingal-outimmuneattacks.Hewondered
whether blocking the blocker, the CTLA-4 molecule,
wouldsettheimmunesystemfreetodestroy cancer.

CTLA-4wasdiscoveredin1987.1n1996, Allison
publishedapaperin theSciencedescribingthat antibodies
against CTLA-4 erased tumorsin mice. It took more
than a decade to bring this approach from bench to
bedside. Big pharma companies did not risk their
revenueonthissothejobof gettinganti-CTLA-4into
peoplefdl onasmal biotechnology company, Medarex,
inPrinceton, New Jersey.1n 1999, itacquiredtherights
totheantibody, takingtheleapfrombiology todrug. In
2010, Bristol-MyersSquibbwhichhadbought M edarex
for more than $2 hillion, reported that patients with
metastaticmelanomalivedanaverageof 10monthson
theantibody, comparedwith6monthswithoutit. Itwas
thefirsttimeany trestment had extended|ifeinadvanced
melanomain arandomizedtrial. Nearly aquarter of
participantssurvivedat least 2years.

TheJapanesebiol ogistsworkingonimmunesystem
discoveredamol eculeexpressedindying T cells,which
they called programmed death 1, or PD-1.0Oncol ogist
Drew Pardoll at the JohnsHopkinsUniversity, thought

of theapproach of usingown T cellsagainst thecancer
cells. Hetied upwith Medarex totest thisantibody.

Thefirst trial, with 39 patients and five different
cancers, beganin2006. By 2008, doctorswereamazed
whenthey saw that infiveof thevolunteers, al of them
withrefractory disease, tumorswereshrinking. Survival
inafew stretched beyondwhat wasimagined possible.

Foryears, StevenRosenbergat theNational Cancer
Institute, had harvested T cell sthat had migratedinto
tumors, expanded theminthelab, and reinfused them
into patients, saving some with dire prognoses. The
technique worked only when doctors could access
tumor tissue, though, limitingitsapplication. In 2010,
Rosenbergpublishedencouragingresultsfromso-caled
chimericantigenreceptor therapy, or CARtherapy, a
persondizedtrestmentthatinvolvedgeneticaly modifying
apatient’ sT cellstomakethemtarget tumor cells. Carl
Juneand histeam at the University of Pennsylvania,
reportedeye-catchingresponsesto CARtherapy: patients
withpoundsof leukemiathat meltedaway. Atameeting
inNew Orleans, June steamandresearchersat Memoria
Sloan-K ettering Cancer CenterinNew Y ork reported
thattheT-cell therapy intheir studiesput45of 75adults
and childrenwith leukemiainto completeremission,
althoughsomelater rel apsed. CARtherapy isnow the
focusof numerousclinical trials. Researchershopethat
it, liketheantibodies, cantarget anassortment of cancers.

The Present Scenario

A brief overview of thevariousnew immunotherapy
approachesisgivenbelow:

Adoptive T Cell Therapy (ACT): Itisapromisingand
rapidly advancingformofimmunothergpy that overcomes
toleranceby harnessngthenaturd ability of immunecells
torecognizeandeiminatetarget cellsinorder togenerate
durableanti-tumor immuneresponses. AdoptiveT cell
therapy involvestheinfusonof external ly manipulated T
cdlls. Therearemulltiplesourcesandtypesof T cellsused
for adoptivetherapy, such asexpanded and activated
tumorinfiltratinglymphocytes(TILs), T cellsmodified
ex-vivotoexpressaspecificTCR,and T cellsengineered
toexpressareceptor thatisafus on betweenanantibody
andtheT cell receptor’ sintracellular machinery, aso-
calledchimericantigenreceptor, or CAR.

TIL Therapy: Itinvolvesextractinglymphocytesfrom
tumortissue, ex-vivo expansionwithlL-2followed by
reinfusion. A recent pooled analysisof TIL protocols
reported a 20% complete response rate and a 70%
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overdl objectiveresponserateinpatientswithmelanoma
Although expanded TIL sarethought tobeamongthe
least |abor-intensive ACT strategies, severa limitations
precludewidespread adoptionat present. Theseinclude
the need for appropriately equipped cell processing
fecilitiesaswe | astheneedfor patientstohavemoderatdy
bulky tumorsfor TIL isolation.

Chimeric Antigen Receptors (CARs): CARs offer
one of themost promising strategiesthat includesan
extracelular antibody single-chainvariableregionjoined
withtheintrace lular portionof aTCR. CARsareunique
inthat they combinethecytotoxicactivity of aCD8+ T
cell withthehighly avidand M HC-independent antigen
recognition capacity of high-affinity monoclonal
antibodies. To help overcometol erancemechanisms,
second generation CARSs include expression of
co-gtimulatory signaingdomainsinadditiontothe CAR.
Therehavebeenpromisingclinica resultswithrefractory
chroniclymphocyticleukemia(CLL),usngalentiviral
derived vector expressingaCAR with specificity for
CD19(aB cdll antigen). ThisCARiscoupledwithtwo
sgnalingdomains, includingthecytoplasmicdomainof
4-1BB receptor (CD137), which serves as a co-
stimulatory receptor in T cells,and CD3-zeta, asignal-
transductioncomponent of the T cell antigenreceptor.
Twoof threepatientswith CLL trestedwiththisregimen
demonstrated acompl eteremission, andaportionof the
transformed T cellsexpressing the CAR persisted as
memory T cdllsthat retained CD19€ffector functiondlity.

UnlikeTIL therapy, whichoftenleadstowidespread
systemictoxicity, thegrade3 or 4toxicitiesexperienced
inthisclinical seriesweretumor lysissyndromewith
associated cytokinerel easeandlymphopenia. However,
not unexpectedly, patientsexperienced chronicB cell
aplasiaand hypogammagl obulinemia. AdoptiveT cell
therapy represents an advancement for personalized
medicineintheformof customizedcellular therapies.

However, multiplechdlengeswill havetobeaddressed
prior to these technologies become commercially
availableandareoffered asastandard of care. Efforts
arecurrently underway todemonstratethat adoptive T
cell therapy isclinicaly efficacious, safe, reproducible,
perhapsmostimportantly, exportablebeyondalimited
rangeof academiccenters.

Anti-tumor Antibodies

Monoclonal antibodies(mAb) directedagainsttumor
associatedantigenslikeCD20andHER-2, areastandard
of caretrestmentinmany malignancies. Thistechnol ogy
wasfacilitated by thesimultaneousunderstanding of

antibody structure and the application of hybridoma
technology, leadingtoaNobel Prizefor Jerne, Kohler,
andMilsteinin1984.

Over the past few years, several modified
antibody technologies have emerged, including
radioimmunotherapies, TRAPmMol ecul es, antibody-drug
conjugates (ADCs), single chain dual specificity
bi-specificT cell engagers(BiTES), andchimericantigen
receptors(CARS). Indeed, asearly as2002, the FDA
approvedradiolmmunoi sotopestotreat refractory non-
Hodgkin’ slymphomawithagents, suchasibritumomab
(anti-CD20.+Y ttrium-90) and in 2003 tositumomab
(anti-CD20+l0dine131).

In 2012, the FDA approved the use of aflibercept
(a TRAP molecule combining 2 separate regions
mimickingVEGFR1andVEGFR2boundtoanlgGlFc
region) for metastatic colorectal carcinoma. The
devel opment of antibody-drug conjugateshasincited
great interest astheseagentsaredesignedtoimprove
local delivery of highly toxicchemotherapeuticswhile
smultaneoudy attemptingtominimizesystemictoxicity.

In 2011, the FDA approved brentuximab vedotin
(anti-CD30-MMAE [monomethy! auristatn E]) for
rel gpsed or refractory Hodgkinlymphomaor anaplastic
largecell lymphomaandin2013approvedtrastuzumab
emtansine(TDM-1) for patientswithmetastaticHER2
positivebreast cancer.

Another interesting technology has been the
devel opment of engineered bi-specificantibodies, in
whichonefragment armbindstheCD3portionof the T
cell receptor (TCR) on T lymphocytes, and the other
fragment arm carries specificity for atumor antigen.
Theseconstructsaimtoco-localizeT lymphocytesto
tumor cell sandthusinduceanti-tumor immuneresponses.
Blinatumomab (aBi TE specificfor theB cell surface
marker CD19) iscurrently undergoing phasel and 11
clinical trialsinnon-Hodgkin’ slymphomaand acute
lymphoblasticleukemia(ALL).

Cancer Vaccines: Inthesetting of cancer, oncogenic
viruses are an ideal target for preventative cancer
vaccines, andtheHPV vaccinehasbeenshowninlarge
clinical trials to drastically reduce the chances of
developing cervical cancer. Other examples of
preventativecancer vaccinesincludetheHBV vaccine
which can significantly reduce the incidence of
hepatocellular carcinoma. Therapeuticcancer vaccines,
ontheother hand, aimtotreat cancer after diagnosis.
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Theyincludepeptidebasedvaccine, cdl-based vaccines,
virus-based vaccine and vaccines based on ex-vivo
generateddendriticcells.

Immune Checkpoint Blockade: Probably due
primarily to recent clinical success, a great dea of
excitementinimmunotherapy hassurroundedfurther
understandingand modul atingimmunecheckpoi ntsfor
cancer immunotherapy. Asdescribedearlier,whenaT
cell interacts with an antigen presenting cell (APC)
throughthe TCR-antigen/MHC complex, thereareboth
costimulatory and coinhibitory signals occurring
smultaneoudy that ultimately affect downstream T cell
responsss. Co-simulationdasscalyinvolvestheinteraction
of B7withCD28, anddisruptionof thisinteractionby the
presence of CTLA-4 on the surface of T cellsisone
exampleof coinhibition. Early workinthefieldled by
Allisonand colleaguesshowedthatinpreclinical models
blockade of CTLA-4 induces an anti-tumor immune
response. Thisinitial body of work culminatedinaphase
[1ltria inwhichCTLA-4blockadewithananti-CTLA-
4mAbimprovedoverd| surviva inpatientswith metagtatic
melanoma compared to patients receiving a tumor
vaccine, andtosubsequent approval of theanti-CTLA-
4antibody ipilimumabfor metastaticmelanoma.

PD-1inhibitionappearstohaveclinical activityina
variety of cancers, showing durable responsesin a
proportion of patients, many of whom failed other
therapies. In addition, combining CTLA-4 blockade
with PD-1 blockade (ipilimumab+nivolumab) in
metastati c or advanced melanoma patients showed a
large proportion of patientswith dramatic and rapid
responsesintheir diseaseburdenwith aproportion of
patientsmai ntai ning adurableresponse.

Thesecheckpointinhibitorsarea sobeingtestedina
variety of tumor types, including non-small cell lung
carcinoma(NSCL C),smdl cell lungcarcinoma(SCLC),
renal cell carcinoma (RCC), prostate cancer, and
hematol ogica maignancies. Furtheremphasizinginterest
in combined checkpoint blockade, a phase | tria
combining PD-1 and LAG-3 inhibition has recently
commenced. Other combination approachesinclude
combining immune checkpoint blockade with
chemotherapy (cytotoxic or low dose regimens), or
otherimmune-modulaingtherapies(includingcytokines
such as|L-2 or IL-21, cell based vaccines, peptide
vaccines, or indolamine2-3 dioxygenaseinhibitors),
molecularly targetedtherapies(JAK/STAT inhibitors,
BRAFinhibitors), andradiationtherapy (stereotactic
radiation versusconventional or intensity modul ated

radiationtherapy). Inparticular, combiningradiation
therapy withimmunotherapy isanareaof intenseclinical
andpre-clinical researchactivity, incitedtosomedegree
by arecent casereport of apotential abscopal effectin
apatientwithmetastaticmelanoma. Continueddedlineation
of themogt effectivecombinatoria approachesfor patients
Isimportant, as optimal combinationswill likely be
differentfor varioustumor types.

Outlook

Theimmunesystemisextremely potent, asevidenced
by auto-immune disease or cytokine storm. These
encouraging results have brought faith in our own
immune system as well as human “Never say die
attitude” inthebattleagainst cancer andtheneedtowin
over the self. Today’ simmune therapies don't help
everyone, andresearchersarelargely cluelessastowhy
moredon’t benefit.

For physiciansaccustomedtolosing every patient
withadvanced disease, thenumbersbring ahopethey
couldn’thavefathomed afew yearsago. For thosewith
metastati c cancer, theoddsremainlong. Researchers
areworkingglobally toidentify biomarkersthat might
offer answers and experimenting with waysto make
therapiesmorepotent. It’ slikely that somecancerswill
notyieldtoimmunotherapy for many years, if ever.

Withall theseinterestingresults, onethingiscertain
thatimmunotherapy isthenew and extremely powerful
wegponinourarmamentariuminthebattleagainst Cancer.
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GUEST ARTICLE

TUMORINFILTRATING LYMPHOCYTE (TIL)
THERAPY:HITTING THE TARGET

Therapid advancement of sequencingtechnologies
hasprovidedinsightintotheneoplastic process, which
includesaccumul ated mutati onsof genesthat areinvolved
incrucid cdlular sgnaingpathways. Thishasledtoclinica
successof targeted therapi esaimingto correct aberrant
cellularsgnaing. However, clinica responseswithtargeted
therapiesareoftenshort-livedduetotherapiddevel opment
of resistance. Enhancing the cell-mediated immune
responseagainst tumor cellsofferssevera advantages
over targeted therapies, notably thegeneration of along-
termmemory lymphocytepopulationpatrollingthebody
toattack metastasesbeforemetastaticlesionsarevisible
by traditional imagingmodalities.

An effective immune response requires sufficient
numbersof activated T cell scapabl eof recognizingtumor
antigens. Ita sorequiresappropriateengagement of podtive
co-stimulatory moleculesonlymphocyteswhilelimiting
sgndingthroughinhibitory* immunecheckpoint” receptors.
Promoting T-Cell Function by Modulating Co-
Stimulation or Co-Inhibition: |mmune activation is
tightly regul ated by co-receptorsexpressedonT cells. Co-
gimulatory receptorsincludeCD28and I COS(inducible T
cdll co-stimulator) of thelgsuperfamily, aswell as4-1BB,
OX40, CD27, CD30, CD40, GITR (glucocorticoid
inducible TNF receptor-related protein), and HVEM
(herpes-virusentry mediator) of the TNFR superfamily.
Theseco-stimulatory signal sarecounterbal anced by co-
inhibitory membersof thelgsuperfamily,including CTLA-
4, PD-1, BTLA (B and T lymphocyte attenuator),
lymphocyte activation gene-3 (LAG-3), TIM3 (T cell
immunoglobulinand mucindomain-containing protein
3),andVISTA (V-domainimmunoglobulinsuppressor
of T cell activation) on T cells. Theideaof blockingthe
immuneco-inhibitorsasatherapeuticanticancer Strategy
was suggested by James Allison over a decade ago.
Anti-CTLA-4wasused asaprototype but antibodies
that either stimulateco-stimulatory T cell receptorsor
block other inhibitory immune-checkpoint molecules
havebeenexamined morerecently.

Figure 1: T cell APC interaction and role of Co-
Inhibitory Signals in inducing energy to tumor antigens

Amplifying Existing Tumor Reactive T Cells:
Adoptive T Cell Therapy forthe Treatment of Cancer

Cancer-reactiveT cellsrecognizingantigensfrom
solidtumorsarefoundat|ow frequency intheperiphera
blood of patientsand can beisolated and cloned by
limitingdilutionforeventua amplificationandre-infuson
to the patient. However, this process requires 3-5
monthsto generateaproduct sufficient for infusion.
Clinical trial sshow modest clinical responsesusing
clonedT cdllsrecognizingM ART-1antigenformetastatic
melanomaand poor pers stenceof thecd lsposttrandfer.
Thelimitedclinical efficacy may beduetotargetinga
uniqueantigenthat may not beuniformly expressed by
all tumor cellsleavingthegrowth of antigennegative
cells unaffected. In rare cases, therapy with T cell
cloneshasbeen shown efficacious. For example,ina
recent clinical trial with adoptively transferred NY-
ESO-1-specific CD4 T cell clone, one patient
experienced complete tumor regression associated
with persistenceof thetransferred cell sfor morethan
80daysandwithantigenspreading, or theappearance
of gpecificimmuneresponsestotumor antigensunrel ated
toNY-ESO-1 post transfer.

An aternative approach to find cancer fighting
immunecellsistoisolateandexpand T cdllsfoundinthe
tumoritself, or Tumor I nfiltratingLymphocytes(TIL),
naturally enrichedintumor-specific T cells. Besides,
recognizing shared tumor antigensmelanoma, TILS
a sorecogni zeuniquemutated antigens, suchasmutated
a-catenin. Thenumber andlocalizationof TIL within
thetumor havebeen correlatedwithclinical outcome
fordifferentmalignancies. Isolationand ex-vivo rapid
expansion of TILs from melanoma and other
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malignanciesarenow readily achievable. Infusion of
largenumbersof expandedautologousTIL (upto10?)
tometastaticmel anomaypatients, followedby onecourse
of high dose IL-2 as growth factor to sustain the
persistence of TIL in vivo, resulted in 34% clinical
response. When pre-conditioning of the patientswith
cytoxanandfludarabinelymphodepl etingregimenwas
introduced, half of thetreated patientsrespondedtothe
therapy, including10% of thepatientsthat had complete
disappearanceof their tumors. Clinical responserate
wasevenincreasedto 70%inasmall cohort of patients
undergoing an additional pre-conditioningwithtotal
bodyirradiation(TBI) of 12Gy. Durableclinical responses
havebeen observed and persistenceof infused cellsin
responder patients have been measured for several
yearsfollowingtherapy. However, randomizedclinica
trial sareneededto comparethistherapy with standard
approaches.

Multiple TIL cultures

Lympho-depletion of thepatient priortoTIL cells
transfer extendsthepers stenceandfrequency of infused
T cellsinthebloodandiscrucial tothesuccessof TIL
adoptivecell therapy for melanoma. Themechanisms
involvedareunclear. Inanima model s, lympho-depletion
induces compensatory homeostatic expansion that
together withregulatory CD4+ T cell (Treg) depletion
caninducestronganti-tumor activity. Inpatients, cytoxan
and fludarabine lympho-depl eting regimen cause an
increaseinthelevel sof thehomeostaticcytokinesIL-7
andIL-15whiletransiently ablatingwhiteblood cells,
including Treg.Additionof total body irradiationtothe
regimenresultsinlymphoabl ationrequiringautol ogous
stem cell transfer to ensure the repopulation of the
lymphoid compartment. Themoreprofound lympho-
depletionoccurringwith TBI may delay therecongtitution
of theendogenousTreg compartment and favor better
anti-tumor T-cell activity. Cytoxan/cyclophosphamide
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andfludarabineal so affect themyel oid compartment
and cause rapid colonization of the spleen with a
suppressivepopul ation of immature CD11b+ GR-1+
myel oidcellsinmice(myel oid derived suppressor cells
or MDSC), inhibiting T cells through nitric oxide
production. How TBI regimen impacts MDSC
colonization of the spleen in patientsis unclear, but
potential clearanceof MDSCsby TBI couldcontribute
tothebenefitof irradiationinthepre-conditioningregimen.
Unraveling exactly how lympho-depl etion potentiates
TILACT requiresfurther study.

Recentclinica successwith TIL therapyismotivating
additional investigation of thistreatment modality.
Substantial improvementsin clinical outcomesfor
pati entscan beobtai ned by improvementsingenerating
T cdllsfor transfer andinmani pul atingthehostimmune
environment toenhanceinvivoantitumour activities.
Thegeneration of active, tumor-specificlymphocyte
cultureswiththecharacteristicsnecessary for in vivo
effectiveness remains a considerable obstacle to the
goplicationof TIL thergpy. Themolecular characterization
of tumor antigens has created the possibility of using
thesedefinedtumor antigenstogeneratetumor-specific
lymphocyteculturesfor patient treatment by repetitivein
vitrostimulations. Another approachinvolvesthegenetic
engineering of T cells to express a defined antigen
specificity. Severa investigatorshavereportedthat the
transfer to PBL sof ageneencoding atumour-antigen-
gpecific T-cell receptor conferred specificrecognitionof
tumor cellsto the T cells. Clinical trials with these
genetically enginereedlymphocyteswill soonbeginto
assesstheutility of thisapproach.

Concurrently, agrowingappreciationof lymphocyte
characteristicsother than antigen specificity that can
impactlymphocytebehaviour in vivo isinfluencingthe
practiceof TIL therapy. For instance, thediscovery that
thematurationstateof CD8+ T lymphocytesdetermines
theirinvivo transport and persi stenceduringanimmune
responseindicatesnew avenuesfor manipulating T-cell
behaviour. Thesemightincludethedterationof in vitro
T-cell culturestomaintainacentral memory phenotype
—forinstanceby ateringthecytokinemilieuduring T-
cdll growth—or genetically engineeringlymphocytesto
constitutively express their own growth factors that
would enhancesurvival after cytokinewithdrawal in
vivo95. A more detail ed understanding of these and
other factorsinfluencingCD8+ T-cdll persistenceinvivo
couldimproveTIL therapy.

Outlook Future

Rapid progressin understanding therole of the
host immuneenvironment ontumor therapy isalso
likely toimpact onthepracticeof cell-basedtherapies.
Forinstance, thedual roleof CD4+ T cellsintumor
Immunity hasimportant clinical implications. Therecent
reportsdescribing arequirement of CD4+ T cellsfor
persistenceof CD8+ T cellsafter animmuneresponse
underscores a potential role of CD4+ T cellsin TIL
culturesfor TIL therapy. By contrast, thedemonstration
that CD4+CD25+ T cell ssuppressautoimmunity and
might bepotentinhibitorsof antitumour effectsinmice
indicatesarationalefor additional investigation of
lymphodepl eting conditioningfor TIL therapy. These
opposing effectsof CD4+ T cellshighlight theneed
for additional investigation of CD4+ T-cell-mediated
antitumor immunity. A better understanding of the
homeostaticregulationof T-cell number andactivation,
and therole of concurrent vaccination after T-cell
transfer hassimilar potential forimproving TIL therapy.
Each of these manipulations of the host immune
environmentisbe ngtrandatedfor clinical investigation
INACT clinical protocols. Thesetechnologiescanbe
combinedwithemerging strategiesand new biological
therapeutics for systemic immune stimulation to
improveand enhancethescopeand efficacy of TIL
Therapy.
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Introduction

IN CELLULAR

Despitenumerousadvancesinmedicine, cancer is
thesecond|eading causeof deethintheworld. Thereare
approximately 7.6 millionnew cancer casesglobally, of
which52% occur indevel oping countriesevery year.
Accordingto 1999report oncancer occurrenceinindia,
it was estimated that nearly 6.5 lakhs new cases of
cancer occur inlndiaper year withmorethan 50%of the
total cancer occurringinwomen. Thecrudeincidenceof
cancer in India is approximately 100 per 100,000
population. Recent epidemiol ogical studiesdoneat the
National Cancer Registry programmein|indiareport that
cancer burden in the country is 2.5 to 3 million and
number of new casesdiagnosed every year isaround
700,000 - 900,000.

Althoughthecommontreatment modalities, suchas
surgery and/or chemo and radiotherapies, play major
rolesinbringingdownthemortality andmorbidity toa
sgnificantextent, completecureisstill uncertainandthe
prognosi svariesdependinguponthestageandthetype
of the disease. Even when patients experiencetumor
regression immediately after therapy, recurrence or
metastasis (spreading to other parts of the body) can
occur later. Immunotherapieshavethepotential tobe
used to fight cancer by either applying an external
gimulustotheimmunesysemtomakeitactmore' forcefully’
or‘smarter’, or by providingtheimmunesystemwithman-
madeor naturally-derivedtumor specificproteinsmade
outside of the body so that the immune system can
recognizethetumor asaforeignentity and destroy it.

Cellular Therapies

Thedifferenttypesof cellularimmunotherapiesare
briefly dscribed below

1. Dendritic Cell Therapy: Dendritic cell therapy
comprisesagroup of methodsthat provokeanti-tumor
responses by causing dendritic cells to present
tumor antigens. Sipuleucel-T (first cell based
Immunotherapy), wasapprovedin2010for thetreatment
of prostatecancer.

2. Monoclonal Antibodies Therapy: Many
Immunotherapeutic approaches involve the use of
antibodieswhicharerai sed against specificantigens,
suchastheunusual antigensthat are presented onthe
surfacesof tumors.

Types of monoclonal antibodies are naked
monoclonal, and conjugated monoclonal antibodies.
Someof thegpprovedmA bstherapiesare: Alemtuzumab,
Bevacizumab, Brentuximabvedotin, Cetuximab, etc.

3. Cytokines Therapy: Two commonly used groups
of cytokinesarethe interferons and interleukins.

4. Adoptive T-Cell Therapy: T-cellsareactivated by
the presence of APCs, such as dendritic cells that
present tumor antigens totheT-cells.Asof 2014, severdl
clinical triasforACT wereunderway.

It iswell known fact now that chemotherapy of
cancer hastoxicsideeffectsand limitationsinefficacy.
Radiotherapy isa soavery effectivemodeof treatment
incertaintypesof cancer, withitsownadverseeffectsas
well. Thesetwo modalitiesaffect not only the cancer
affected cells, but also the normal cells. The latest
scientificadvancement cancer treetmentincl udesimmune
therapy and cancer vaccines. Consequently, many patients
with advanced cancer opt for lesstoxic therapieslike
immuno cell therapy and cancer vaccine which are
collectively knownasbiol ogical therapy.

Immunocell therapy isapromising new additionto
thefamily of cancer treatmentsthat includessurgery,
chemotherapy, radiotherapy and cancer vaccines. This
mode of treatment uses the body’s immune system,
either directly orindirectly, tofight cancer by enhancing
theimmunemechani smsof thebody. A sthistherapy uses
only thepatientsown cellsfor treatment, itisvery safe
anddoes'tresultinany alergy and combiningthiswith
theconventional therapy(ies) appropriately asper the
patientscondition, typeof cancer andregimenof chemo/
radiotherapies,improvestheoutcome. Astheimmune
cdllsof thepatient upontransfus ondonot affect thenormd
functioningcdlsof thebodly, itisfurthermoresafe.

Althoughdrugdiscoveryinindiaistwodecadesold,
global pharmamarketisstill lookingforwardtoadrug
discoveredinthecountry. But cancer drugdiscoveryis
notabsentinindia Inthelastfiveyears, Aurigeneinindia
hasspent good amount of money oninternal cancer drug
discovery programmesand cancer drugdiscovery, and
hassevenmoleculesthat arelikelytoenter clinical trias
in a year or two. They are in a hot new area
immunotherapy. Thisemergingarea, whichhasseenthe
launch of thefirstfew productsrecently, isexpectedto
changethedirectionof cancer trestment. Aurigeneisthe
only company intheworld devel oping peptidesagainst
immunecheckpointsnatural mechanismsthat cancers
hijack toevadetheimmunesystem. Nooneknowswhat
kind of molecules and in what combination, will be
effectivein cancer immunotherapy. But Aurigene’'s
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pipelineandtherecent deal havebroughtittothenotice
of theinternationa drugdiscovery community.

Pirama Grouphasfour moleculesinclinical tria sbut
noneinaressthat arecompletely nove. Invictus APAC
Biotech Pvt. Ltd. a Gurgaon-based biotechnology
company is involved in dendritic cell based
immunothergpy andispreparingtheformul ationtoimpede
thegrowth of cancer cells. Their primeobjectiveisto
boost theimmunesystemof thecancer patientsnaturally
throughtheir novel dendriticcell basedtherapy andhelp
themfightagaingmalignanttumors. They area soinvolved
inT-cell therapy. Invictus, set upin 2011, isthefirst
cancer-focussed drug discovery company inindia. A
largedrug complex canevadetheheal thy tissues, which
havesmall pores, andgodirectly tothecancer cells.

Another Del hi-basedfirmisa soreadyingananti-cancer
molecule. Curadev, setupin2010tododrugdiscovery,
hasafew moleculesunder devel opment, including for
cancer immunotherapy, for which it hasfiled patent
goplications Withdl theseprogrammesnow accel erting,
no one should be surprised if an Indian anti-cancer
mol eculehitsthemarketinadecade.

NCRM (Nichi-InCentrefor RegenerativeMedicine)
haves gnedacollaborativeagreement with Biotherapy
Institute of Japan (B1J) and has brought Autologous
Immune Enhancement Therapy (AIET) tolndiathat
would benefit patients suffering from cancers. This
treatment usesthe patient’sown cellstaken from the
peripheral blood anddoesn’ thaveany rejectionproblem
or any other side effects. The focus presently of
AutologousI mmuneEnhancement therapy (AIET) at
NCRM isbased onreported clinical experienceswell
accepted by the scientificcommunity.

Conclusion

Immunotherapyisavery activeareaof cancer research
whereinthetreatment makestheimmunesystemfight
against cancer. Scientistsaroundtheworldarestudying
new waysto useimmunotherapy totreat cancer. The
Immune system basically works by recognizing and
fightingoutany foreignsubstanceinvadingor foundinthe
body. Buttheimmunesysten’ snormal ability tofight
cancer is limited, because the cancer cells are not
differentenoughfromthat of normal cells. Toovercome
this, researchershavedesignedwaystohel ptheimmune
systemrecognizecancer cellsandstrengthenitsresponse
so that it will destroy them. Biological therapy, also
knownasimmunotherapy (andasbiotherapy orbiologica

responsemodifier therapy), isatypeof treatment that
workswithpersons ownimmunesystemto hel pfight
cancer or help control side effectsfrom other cancer
treatmentslikechemotherapy.

Todate, thereisno” magicbullet” inthetreatment of
cancer, and becauseof thecompl exity of cancer biology,
it perhaps may not be attainable. It isnow generally
agreed that the future of cancer therapy liesin the
combinationof therapieswithdifferent mechanismsof
action. Immunotherapy holds a bright future in the
treatment of cancer. Many companies and research
institutes in India and abroad are focusing in the
development and in clinical-trials of many
Immunotherapiesfor cancer treatment.
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RESEARCH & DEVELOPMENT

Antitumor Immunity

Optimal tumor cell surface expression of human
leukocyteantigen(HLA) classl molecul esisessentia for
the presentation of tumor-associated peptides to
T-lymphocytes. However, ahalImark of many typesof
tumor is the loss or downregulation of HLA class|
expression associ ated withineffectivetumor antigen
presentationto T cells. Frequently, HLA losscan be
caused by structurd aterationsingenescodingfor HLA
classl complex,includingthelight chainof thecomplex,
f32-microglobulin(32m). Scientistshavecharacterizeda
replication-deficient adenovira vector carryinghuman
2mgene, whichisefficientinrecovering proper tumor
cell surfaceHLA class| expression in 32m-negative
tumor cdllswithout compromis ngtheantigenpresentation
machinery. Tumor cellstransduced with 32minduce
strongactivationof T cellsinapeptide-specificHLA-
restricted manner. Gene therapy using recombinant
adenoviral vectorsencoding HL A genesincreasestumor
antigen presentation and should beconsidered aspart
of cancer trestmentincombinationwith immunotherapy.

(Cancer Gene Ther, June 27, 2014)
Combination Therapy

A new study hasshownthat targetingtoll likereceptors
7, 8 and 9 eliminates large established tumors. The
TLR7/8 agonist 3M-052 and the TLR9 agonist CpG
ODN bothtrigger innateimmuneresponsesthat support
theinductionof tumor-specificimmunity. Norma mice
were challenged with syngeneic tumors. Oncethese
tumors reached clinically detectable size (500-
800 mm(3)), they weretreatedby intra-tumoral injection
with3M-052and/or CpG ODN. Anti-tumor immunity
andtumor growthwereeval uated. Theco-delivery of
agoniststargeting TLRs7, 8and9increased thenumber
andtumoricidd activity of tumorinfiltrating CTL andNK
cdlswhilereducingthefrequency of immunosuppressive
MDSC. The combination of 3M-052 and CpG ODN
(but not each agent alone) eradicated large primary
tumorsand establishedlong-term protectiveimmunity.
Thecombinationof agoniststargeting TLRs7/8and9
represents a significant improvement in cancer
immunotherapy.

(J Immunother Cancer, May 2014)

Immunotherapy and Gene Therapy

Theantitumor activity of lymphokineactivatedkiller
(LAK) cdlsimmunotherapy isnotawayseffectiveinal
patients, especially whenused a one. A new study has
highlightedtheroleof LAK cell immunotherapy and
adenovirus-p53 gene therapy for head and neck
squamouscell carcinoma. Thein vitro cytotoxicity of
LAK cellswastested in H891 cellsinfected with or
without Ad-p53, and themRNA expressionlevelsof
natural killer group 2D ligands[UL 16 binding protein
(ULBP) 1to5] and tumor necrosisfactor (TNF-o) in
these cells were measured by real-time reverse
transcriptionpolymerasechainreaction. Ad-p53infection
increased thecytotoxicity of LAK cellsagainst H891
cells, anda soincreasedthemRNA expressionlevel sof
theULBPsinH891 cellsand TNF-a.intheLAK cells.
Theantitumor activitiesof LAK cellsinH891 cellswere
enhanced by Ad-p53. The combinational therapy of
LAK immunotherapy and Ad-p53 genetherapy may
represent anew paradigmfor thetreatment of headand
neck cancer.

(Anticancer Res, July 2014)

Immunotherapy of A cute Lymphoblastic Leukemia

Diseaserelapseor progressionisamajor cause of
death following umbilical cord blood (UCB)
transplantation(UCBT) inpatientswithhighrisk, relgpsed
or refractory acute lymphaoblastic leukemia (ALL).
Adoptivetransfer of donor-derived T cellsmodifiedto
express a tumor-targeted chimeric antigen receptor
(CAR) may eradicate persistent disease after
transplantation. Scientists have developed a novel
strategy toexpand UCB T cellstoclinically relevant
numbersinthecontext of exogenouscytokines. UCB
derived T cellsculturedwithIL-12and1L-15generated
>150-fold expansion with aunique central memory/
effector phenotype. Moreover, UCB T cells were
modified to both express the CD19-specific CAR,
1928z, and secrete 1L-12. 19287/IL-12 UCB T cells
retained acentral memory-effector phenotypeandhad
increased anti-tumor efficacy in vitro. Furthermore,
adoptivetransfer of 1928z/IL-12UCB T cellsresulted
inggnificantly enhancedsurviva of CD19*" tumor-bearing
SCID-Beigemice. Clinica trand ationof CARmodified
UCB T cellscould augment thegraft-versus-leukemia
effectafter UCBT andthusfurtherimprovedisease-free
survival of transplant patientswith B cel |ALL.

(Leukemia, July 09, 2014)
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NEW TECHNOLOGIES

New Immunotherapy for Melanoma

A new study publishedby researchersattheUniversity
of California, San Francisco, United Statesshowed that
the deadly skin cancers in mice reduced in sizein
responsetoanew treatment that may complement other
“immunotherapies’ devel oped recently to boost the
body’s own defenses against disease threats. The
researchershavediscovered away to manipulatethe
thymusglandthat makessomespeciaizedimmunecells
passing throughit tofight cancer cells. The micethat
normally would be dead in one or two weeks, were
observed to reject tumors and survived. Thethymus
glandplaysanimportantroleineducating T cellsof the
Immunesystem about whichmoleculesencounteredin
thebody should beattacked andwhicharenormal parts
of the body and must be tolerated. The researchers
markedthesethymuscellsfor destructionby targetinga
proteinmoleculecalled RANK-L. Thetreatment that
inhibited RANK-L reducedtheir numbersby morethan
90%.Asaresultof theeliminationof thethymuscells, T
cellsthat target tumors survived and escaped central
tolerance. Thetreatment of just twowassufficientto
generateenoughtumor-specificT cellstodestroy deadly
melanomaskincancersinthemice. Atheoretical concern
withtheanti RANK-L strategy wasautoimmunity where
theimmunesystemusedtodestroy normal tissuedueto
theprocessof learningtotol erate” self” moleculeswas
disruptedby treestment. Hence, thesignificantautoimmune
reactionsintreated micewerenot observedandimmune
responses were back to normal within ten weeks of
stoppingthetreatment.

(ScienceNewsline, May 13, 2014)
Novel Immunotherapeutic Tool

A teamaf tumorimmunology scientistsandoncologists
fromtheWinship Cancer Instituteof Emory University,
Atlanta, have discovered an innovative approach to
cancer immunotherapy exploitingthepower of B-cells.
The novel fusion cytokine generated by N-terminal
couplingof GM-CSFtol L4, generatingafusokinehas
beentermedasGIFT4. TheB-cellsarebest knownfor
their ability tomakeantibodiestofight off virusesand
bacteria, however, theuseof anove engineeredcytokine

named GIFT4l|eadsto conversionsof normal B-cellsto
potent anti-cancer promotingcells, asverifiedinamouse
model of melanoma. Thisnew technol ogy providesan
opportunity to harnessacomponent of immunity which
hasnever beenutilizedincancer cell immunotherapy.
Theresearchersintendtotransformthisdiscovery made
inmiceintoafirg-in-humanclinica trid. Inthisapproach,
ablood samplewould betreated with GIFT4fusokine
inaspecializedlab. Thispersonalized B-cell product
wouldserveasatransfus onmedicineand companionto
cancer therapy. Theresultsof thestudy demonstrated
that GIFT4 could mediate expansion of B-cellswith
potent antigen-specific effector function, thereby
suppressing melanoma growth. The product of new
technology GIFT4may offeranove immunotherapeutic
tool and defineapreviously unrecognized potential for
B-cdlsinme anomaimmunotherapy.

(Cancer Research, June 17, 2014)
Target for Cancer Inmunotherapy

Scientistsat A* STAR’ s Singapore Immunology
Network (SIgN) have discovered anew class of the
lipidsin leukemiacellsthat are detected by aunique
group of immunecells. By recognizingthelipids, the
Immunecellsstimulateanimmuneresponsetodestroy
theleukemiacellsand suppresstheir growth. Thisnew
classof lipids, ie, methyl-lysophosphatidicacids(mL PA),
isaccumul atedinleukemiacells. Theresearchteamhad
a soidentifiedaspecificgroupof immunece I sdescribed
asmL PA-specific T-cells, capableof recognizingthe
mLPA intheleukemiacells. mLPA-specific T cells
efficiently kill CD1c(+) acuteleukemiacells, poorly
recognizenontransformed CD1c-expressing cellsand
protecttheimmunodeficientmiceagaing CD1c(+) human
leukemiacellsand thereby limitscancer progression.
Theefficacy of theT cellsinkillingleukemiacel Iswas
asodemongtratedinamousemode of humanleukemia
Thusfar, only proteinsincancer cellshavebeenknown
toactivateT cells. Thisstudy pioneersthediscovery of
mL PA andthespecific T cellsthat canidentify lipids
expressed by cancer cells. Sincecurrent treatmentsrun
therisk of failureduetotheregrowthof resdua leukemia
cellsthat surviveafter stemcell transplants, the T cell
Immunothergpy may serveasacomplementary treetment
formoreeffectiveandsafer thergpeuticapproachtowards
leukemia

(J Exp Med, June 30, 2014)
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CLINICAL TRIAL

CombinationImmunotherapy for Melanoma Patients

A phase2 clinical trial wasconducted at Advocate
Cancer Institute, Amesin patientswith advanced
melanoma to see the effects of combination
immunotherapy, Hyper Acute Melanoma (HAM)
vaccine(NLG-12036, NewLink Genetics) combined
with pegylatedinterferon (Sylatron, Merck). Study
cohort consisted of 25 patientswith median ageof 60.
Patientsweretreatedfor total 12weekswiththeinitial
induction phase of 4 weekly treatments of HAM
alone, administered intradermaly followed by 8
additional treatmentsof HAM and Sylatron, given
subcutaneously. Of 25 patients, 21 compl etedthetrial
and 4 stopped because of progressive disease (PD).
Resultsshowed that of the 16 stage4 patients, 2hada
completeresponse, 1 had stabledisease, and 4 had no
evidenceof disease(NED) after resection. For stage2/
3 patients, 3 of 9 remained NED, and the 1 stage 2C
patient had slow progressive disease. The study
concluded that combination therapy usingthe HAM
vaccineand Sylatronisfeasible, safe, andshowspromising
efficacy data. Thiscombinationisa socgpableof inducing
completeanddurableclinical responseswithregression
of bulky metastaticdisease.

(Br J Cancer, April 2014)
CIK Cells for Pandreatic Cancer

Patients with advanced pancreatic cancer
refractory for secondlinechemotherapy Gemcitabine
show poor disease outcome due to rapid disease
progression. A phasel | trial wasdoneby theresearchers
of South Koreato evaluatethe efficacy and saf ety of
immunotherapy using ex vivo-expanding cytokine
inducedkiller (CIK) cell sinpancrestic cancer patients.
Twenty patientswereenrolledinthestudy and CIK cdlls
weregivenintravenously, every week 10 timesfor 5
weeks. The disease control rate was observed to be
25%. Themedianprogressionfreesurviva (PFS) was
11 weeksand overall survival (OS) was 26.6 weeks.
Grade4toxicity wasnot foundinany patients. Overall
resultsshowed encouragingresultsintermsof quality of
life,ie,improvementinpancresticpain, gastrointestinal
disressjaundiceand altered bowel habits. PFSand OS

timewasal sofound to becomparablewiththedataof
previoustria usingconventiona chemotherapeditic.

(Cancer Immunol Imuunother, June 12, 2014)

Ipilimumab Retreatment for Advanced Melanoma

According to the randomized phase Il trial,
ipilimumabimprovessurvival inpretreated patientsof
advanced melanoma. Researchers of Napoli, Italy,
recruited 855 patientsinthetrial who had previously
failed or wereintolerant tothesystemictherapy, hadan
Eastern Cooperative Oncology Group (ECOG)
performancestatus(PS) of 0to 2, andnoother thergpeutic
option. Patientsweregivenintravenousipilimumab3mg/
kgevery3weeksandtotal of four doses. Of 855 patients
treatedwithipilimumab, 51 wereretreated upondisease
progression. Of these 28(55%) regained disease
controluponretreatment. Eleven patients(22%) hada
treatment rel ated adverseevent of any grade. Median
PFS among all treated patients was 3.7 months and
medianOSwas7.2months. Overall resultsshowedthat
retreatmentwithipilimumabisgenerally well tolerated
andcanaccrueclinical benefit.

(Br J Cancer, April 2014)
Multiple Peptide Vaccine for Esophageal Cancer

Patientsof unresectabl eesophageal squamouscell
carcinoma (ESCC) often devel op local recurrence
after chemoradiationtherapy (CRT). A phasel trial
was done in the ESCC patients where, with
immunotherapy by peptidevaccinewasgiventothe
patientsalongwithCRT. Thepeptidevaccineincluded
the 5 peptides as: TTK protein kinase (TTK), up-
regulated lung cancer 10 (URLC10), insulin-like
growthfactor-I mRNA binding protein 3(KOC1),
vascular endothelial growth factor receptor 1
(VEGFR1), and 2 (VEGFR2). CRT consisted of
radiotherapy (60 Gy) with concurrent cisplatin (40
mg/m?) and 5-fluorouracil (400 mg/m?).Total 11
unresectablechemo-naiveESCC patientswererecruited
in the study. Six of these patients showed complete
response(CR) and 5 progressivedisease(PD) after the
8thvaccination. CRfor 2.0,2.94.5and 4.6 yearsisseen
inthe4 CR patientswhocontinuedthepeptidevaccination.
Very few grade3toxicities, leucopenia, neutropenia,
anemiaandgrade1local skinreactionsintheinjection
sitesof vaccinationwereobserved. Resultsof thestudy
show that multi-peptidevaccinecombinedwithCRT has
satisfactory the safety levels and long CR period in
unresectableESCC patients.

(J Transl Med, April 2014)
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WATCHOUT

Compositions for Inmunotherapy

McKenzie, etd.of MacFarlaneBurnetInstitutefor
Medical Research and Public Health
Ltd (Melbourne, AU), havebeenawarded USPatent
No. 8,771,701 0nJuly 8,2014. Thepresentinvention
rel atestoamethodof dicitingacytotoxic T lymphocyte
responsetoanantigeninananimal, themethodcomprising
pulsing mannosereceptor-bearing antigen presenting
cellsinvitro or ex vivo withaconjugatecomprisingan
antigenandacarbohydratepolymer comprisngmannose,
whereinsaid carbohydratepolymerisafully oxidized
carbohydratepolymer comprisingfreeal dehydes; and
administeringthepul sed antigen presenting cellstoan
animd . Theinventionisparti cularly advantageousinthat
itregulatesT cell responsesby increasingtheuptakeof
anantigen: carbohydratepolymer conjugateof thepresent
invention by inducing receptorsfor mannoseoncells
capableof stimulating T cellsreactivetotheantigenof the
conjugate. Inaddition, theinventionenablesanantigen,
forexampleamucin:carbohydratepol ymer conjugateof
thepresentinvention, tobeadministeredtoananimal in
suchamanner that binding of theantigen, e.g., mucin, by
naturally occurring antibodies directed against or
crossreactivewiththeantigenintheanimal isavoided.
Thepatent grant protectsthemethod of compositionand
the method of use of CVac, whichisformulatedina
patient’ sowndendritic cellsand thenreinjected back
intothepatienttogenerateacytotoxic T cell response
against the mucin 1 antigen. CVac isa personalised
Immunotherapy composed of apatient’ sowndendritic
cellspulsedwiththecancer antigenmucin 1, conjugated
tooxidised mannan.

(www.uspto.org, July 15, 2014)
Determining PD-1 Activity using Gene Expression
Profiles

Dr. Refick-PierreSékaly, PhD andDr. EliassHadded,
PhD U.S. of TheVaccineand Genelnstituteof Florida
(VGTI Florida), havebeenawardedtheUS Patent No.
8,647,822for theirinventiontitled Determiningwhether
atest compound modulatesPD-1activity inactivated
immunecelIsusinggeneexpressionprofiles. ThePD-1
pathway (programmed cell death) is being actively
pursued by most of thebig pharmaceutical companies

duetoitscritical role asacheckpoint in our immune
system’ sresponseto cancer and chronicinflammation.
Thistherapeuticstrategy isactively beingevauatedin
multipleclinical trial s, suchasmelanoma, non-small cell
lung carcinoma, andHIV . Phasel trial sareal sounder
way for breast cancer, metastatic bladder cancer, and
head and neck cancer. Modulationof PD-1activityin
the presence or absence of an agent asmeasured by a
geneexpressionprofileof atleasttwogenesisprovided.
Reagents, kits, methods and uses thereof for the
modul aionof immunefunctioncomprisetheidentification
of modulatorsof PD-1activity. Thispatent representsa
body of research that has been very useful to drug
developersworkingonthePD-1blockbuster pathway.
Using gene expression profiles of cellsallows drug
developersto evaluatethe cellular pathwaysthat are
operating inresponseto drug candidates. The patent,
issued on February 11, 2014 was also awarded to the
scientists' co-inventorsat the MassachusettsGeneral
Hospital. A CanadianPatent ApplicationNo. 2,742,926
remainsinreview.

(www.vgtifl.org, July 10, 2014)
Immunotherapies Derived from Viruses

QuBiologics, Vanacouver, Canadahasbeenissued
New Zeaand Patent N0.601232. The granted patent
involvesusing componentsof virusesto stimulatean
Immune response to treat a range of cancers. Itisa
biotechnology company developing site specific
immunomodul ators(SSls) thataimto* reboot” thebody’ s
Immunesystem. SSI s, derivedfrominactivatedbacteria
andvira components, activateaninnatei mmuneresponse
inthespecificorganortissuecommonly infected by the
pathogen. Since innate immune system defect or
deficiency playsanimportant underlyingroleincancer or
other immune-related diseases, this site-directed
Immunostimulationrepresentsapromisingnew gpproach
to engaging thebody’ sownimmuneresponsefor the
treatment of theseimportant diseases. Thecompany’s
SSl platform representsapromising new approachto
thetreatment of cancer andimmune-rel ated diseaseby
addressing theunderlyingimmunol ogical factors. Qu
Biologicshasdevel oped multiple SSIs, each of which
targetsaspecifictissue/organsystem. SSIsamto* reboot’
the body’s immune response to cancer, using
Immunostimul ativebacteria components, representinga
novel treatment approach.

(www.qubiologics.com, July 5, 2014)
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INFOCUS

CANCER IMMUNOTHERAPY WITH
CHIMERIC ANTIGEN RECEPTOR (CAR)-T-
CELLS

Immunotherapy in Cancer

Cancer cellsaretheatered self-cellsandfor maignant
growththey requiretomanifestsixtraits- self-sufficiency
fromexternal growthsignals, insensitivity tonegative
growthsggnads ressancetogpoptos's limitlessreplicative
potentia, sustainedangiogenes sandacquisitiontotissue
Invasveness.

Cancer immunotherapy relies on the immune
componenttoruleout cancer inpatient. Immunothergpies
havethe potential to be used to fight cancer by either
applyinganexternal stimulustotheimmunesystemto
makeitactmore* forcefully’ or smarter’, or by providing
theimmunesystemwithman-madeor naturally-derived
tumor specificproteinsmadeoutsideof thebody sothat
theimmunesystemcanrecognizethetumor asaforeign
entity anddestroy it. Themainpremiseisstimulatingor
educating the patient’ simmune system to attack the
malignanttumor cellsrespons blefor thedisease. There
aretwowaystodoit, either through immunization of
cancer vaccine, inwhichcasethepatient’ sownimmune
systemistrainedtorecognizetumor cellsastargetstobe
destroyed, or through theadmini stration of humanized
therapeuticantibody asdrugs,inwhichcasethepeatient’s
Immunesystemisrecruitedtodestroy tumor cellsby the
therapeuticantibodies.

Cell basedimmunotherapy isanother major entity of
cancer immunotherapy. Thisinvolvesinnate immune
cells, such as the Natura Killer Cells (NK cells),
LymphocyteActivatedKiller cell (LAK), CytotoxicT
Lymphocytes(CTLs), DendriticCdlls(DC), etc., which
aredtheradtivatedinvivoby adminigeringcertaincytokines,
such as Interleukins or they are isolated, enriched and
transfusedtothepatient tofight against cancer.

Immunotherapy in Cancer

Todate, thereisno“magicbullet” inthetreatment of
cancer, andbecauseof thecompl exity of cancer biology,
it may likely not be attainable. Until recently,
chemotherapy was the only treatment that had been
shown to improve overall survival in patients with
metastati ccastration-res stant prostatecancer. However,

inthelast decade, abetter understanding of theimmune
system, combinedwithinnovativetrestment gpproaches,
hasledtopromisingimprovementsin survival.

Immunotherapy seemstowork better for sometypes
of cancerthanfor others. Itisused by itself totreat some
cancers, but for many cancersit seemsto work best
whenuseda ongwithother typesof treatment.

T Cell Immunotherapy

T lymphocytesarepowerful componentsof adaptive
immunity, whichessentialy contributetothedimination
of tumors. Duetotheir cytotoxiccapacity, T cellshave
emerged as attractive candidates for specific
Immunotherapy of cancer.Adoptivetransfer of cytotoxicT
cell-basedimmunotherapyisaimedtotarget cancer cells.
T cellsthat have anatural or genetically engineered
reactivity toapatient’scancer aregenerated invitro and
thentransferredback intothecancer patient. Thisisdone
by taking T cellsthat are found with the tumor of the
patient, whicharetrainedtoattack thecancerouscells.
These T cells are referred to as tumor-infiltrating
lymphocytes (TIL), arethenencouragedtomultiply in
vitro using high concentrationsof IL-2, anti-CD3and
alo-reactivefeeder cdls TheseT cdlsarethentransferred
backintothepatienta ongwithexogenousadministration
of IL-2tofurther boost their anti-cancer activity.

Clinical trialshased on adoptivecel | transfer of TILS
for patients with metastatic melanomaare currently
ongoing at the National Cancer Institute
(Bethesda,MD,USA), Moffitt Cancer Center (Tampa,
FL,USA),[31] MDAndersonCancer Center (Houston,
TX,USA), ShebaM edica Center (Tel Hashomer,Isradl),
Herlev University Hospital (Herlev,Denmark) and NK
AntonievanL eeuwenhoek (Amsterdam, Netherlands).

Recently, moreimprovedversionof T cell therapy
hascomeinuse. AfterremovingfrompatientsT cellsare
modified so that they express monoclonal antibody
against specifictumor antigen. TheseT cells,whichare
referred asto chimericantigenreceptor (CAR) T cells,
can then recognize and kill the cancer cells. Clinical
studiesof thisapproach haveshownefficacy (Tablel).

CART Cells

Chimericantigenreceptors(CARs), theengineered
receptors, arecombinationof theantigenbindingsiteof
amonocl ond antibody (morespecifically thescFv) with
thesignd activatingmachinery of aT cell, freeingantigen
recognition from major histocompatibility complex
restriction. CARsexpressing T (CAR-T)cdlsarehighly
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Table. 1 List of Some Tumor Antigens and CARsin Vitro and in Vivo Trials

Target antigen Associated malignancy Receptor type CARs generation
o-Folate receptor Ovarian cancer ScFv-FceRIYCAIX First
CAIX Renal cell carcinoma ScFv-FceRly Second
CD19 B-ALL ScFv-CD28-CD3( Second
CD19 ALL post-HSCT ScFv-CD28-CD3{ Second
CD19 Leukemia, lymphoma, CLL ScFv-CD28-CD3( vs. CD3(¢ First and Second
CD19 B-cell malignancies ScFv-CD28-CD3( Second
CD19 B-cell maligniancies post-HSCT ScFv-CD28-CD3( Second
CD19 Refractory Follicular Lymphoma ScFv-CD3( First
CD19 B-NHL ScFv -CD3( First
cD19 B-lineage lymphoid malignancies post-UCBT | ScFv-CD28-CD3( Second
CD19 CLL, B-NHL ScFv-CD28-CD3¢ Second
CD19 B-cell malignancies, CLL, B-NHL ScFv-CD28-CD3( Second
CD19 ALL, lymphoma ScFv-41BB-CD3( vs CD3( First and Second
CD19 ALL ScFv-41BB-CD3¢ Second
CD19 B-cell malignancies ScFv-CD3( (Influenza MP-1) First
CcD19 B-cell malignancies ScFv-CD3( (VZV) First
CD20 Lymphomas ScFv-CD28-CD3( Second
CD20 B-cell malignancies ScFv-CD4-CD3(¢ Second
CD20 B-cell lymphomas ScFv-CD3( First
CD20 Mantle cell lymphoma ScFv-CD3( First
CD20 Mantle cell lymphoma, indolent B-NHL CD3(/CD137/CD28 Third
CD20 indolent B cell lymphomas ScFv-CD28-CD3( Second
CD20 Indolent B cell lymphomas ScFv-CD28-41BB-CD3( Third
CcD22 B-cell malignancies SCFV-CD4-CD3( Second
CD30 Lymphomas ScFv-FceRly First
CD30 Hodgkin lymphoma ScFv-CD3(; (EBV) First
CD33 AML ScFv-CD28-CD3( Second
CD33 AML ScFv-41BB-CD3¢ Second
CD44v7/8 Cervical carcinoma ScFv-CD8-CD3¢ Second
CEA Breast cancer ScFv-CD28-CD3¢ Second
CEA Colorectal cancer ScFv-CD3( First
CEA Colorectal cancer ScFv-CD28-CD3( Second
erb-B2 Colorectal cancer CD28/4-1BB-CD3( Third
erb-B2 Breast and others ScFv-CD28mut-CD3( Second
erb-B2 Prostate cancer ScFv-FceRly First
erb-B 2,34 Breast and others Heregulin-CD3( Second
FBP Ovarian cancer ScFv-FceRly First
FBP Ovarian cancer ScFv-FceRly (alloantigen) First
Fetal acethylcholine receptor | Rhabdomyosarcoma ScFv-CD3( First
GD2 Neuroblastoma ScFv-CD28-0X40-CD3( Third
GD3 Melanoma ScFv-CD3¢ First
Her2/neu Glioblastoma ScFv-CD28-CD3( Second
IL-13R-a2 Glioma 1L-13-CD28-4-1BB-CD3¢ Third
IL-13R-a2 Medulloblastoma, Glioblastoma IL-13-CD3¢ Second
k-light chain (B-NHL, CLL) ScFv-CD28-CD3( vs CD3{ Second
Ley Epithelial derived tumors ScFv-CD28-CD3( Second
L1 cell adhesion molecule Neuroblastoma ScFv-CD3¢ First
MAGE-A1 Melanoma ScFV-CD28-FceRly Second
Mesothelin Various tumors ScFv-CD28-41BB-CD3( Third
Murine CMV infected cells | Murine CMV Ly49H-CD3¢ Second
MUC1 Breast, Ovary ScFV-CD28-0X40-CD3¢ Third
NKG2D ligands Various tumors NKG2D-CD3¢ First
Oncofetal antigen (h5T4) Various tumors ScFV-CD3¢ (vaccination) First
PSCA Prostate carcinoma ScFv-b2¢c-CD3¢ Second
PSMA Prostate/tumor vasculature ScFv-CD28-CD3¢ Second
TAA targeted by mAbIgE | Various tumors FceRI-CD28-CD3( (+ aTAA IgEmAD) | Third
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targeted, but additionally offer thepotential benefitsof
activetraffickingtothetumor sites, in vivo expansion
andlongtermpersstence. Moreover, geneticmodification
allowstheintroduction of counter measuresto tumor
Immuneevas onand of safety mechanisms.

Theconcept of doctoring T-cellsgenetically wasfirst
developed in the 1980s by Dr. Zelig Eshhar and
colleagues at the Weizmann Institute of Science in
Rehovot, Isragl . By 1989, Eshhar and hiscolleagueshad
createdinthelabthefirst CART cellsthat worked.

Basic Structure of CARs

A CAR constitutestwo portions, viz, the Binding
portionandtheSignalingportion. TheBindingportion
comprisesthebinding siteof amolecul ethat attaches
strongly totheantigenbeingtargeted, andtheSignalling
portion comprises of the cytoplasmic domains of
conventiona immunereceptorsrespons bleforinitiating
sgnal transductionthat |eadstolymphocyteactivation.
Therefore thenameCARs(ChimericAntigenReceptors)
Isused asthey combineportionsof different molecul es.
Sometimes CARs are also known as T-Bodies since
many of theoriginal CARssystemsattached anantibody
fragmenttoaT cell.

Thebindingportionmost commonly usedisderived
fromthestructureof theFab (antigenbinding) fragment
of amonocl ond antibody (mAb) that hashighaffinity for
theantigenbeingtargeted. Now thisiswhereasingle-
chainfragmentvariable(scFv) regioncomesintopicture.
Since the Fab is the product of two genes, the
corresponding sequences are usually combined by a
shortlinker fragment that all owstheheavy-chaintofold
over thelight-chainderived peptidesintotheir native
configuration, thusgivingrisetothescFvregion. Some
other antigen binding moietiesthat can beusedinclude
sgndlingportionsof hormoneor cytokinemolecules,the
extracd |ular domainsof membranereceptorsandpeptides
derivedfromscreeningof libraries(e.g. phagedisplay).

Thesignalling portionof CARsusually containsthe
intracellular domainsof thezeta(c) chainof the TCR/
CD3complexor,lesscommonly, thegamma(Y) chain
of the immunoglobulin receptor FCERI or the
CD3-epsilon(g) chain.

Sinceprojectionof theantigenrecognitiondomains
away fromcel | surfacemay berequiredfor better binding
to the antigen, it is advantageous if some degree of
flexibility existsbetweenthebindingandthesignalling
portionsof CARs. Therefore, ahingeregionbridging

Hinge region

] scw{
‘ .
Antigen | I I

Pl ”,;a;;,em.,a,lft‘lm (N
\!_/ LuLLu 11111

Signals 1and 2 Cytoplasm of
T cell

Fig 1: Basic structure of a CAR

thesetwo portionsisgenerally includedintheconstruct.
Theimportanceof thehingeregionhasbeenillustrated
by studieswhichdemondiratedthat, for thesametargeting
construct, optimal T cell activation depends on the
rel ativelengthof thishingeregionandthedistanceof the
epitopefromthetarget cell membrane. Examplesof the
hinge region include CH,CH, portion of an
immunoglobulin moleculesuchaslgG,.

Generations of CARs

The initially designed CARs contained a single
sgnallingdomain. These1% generation CARsexhibited
feadbility, buthadlimitedclinical benefit. Theprobable
reasonsfor thiscoul dbeineffectiveorincompleteactivation
of thesecdlls leadingtoavery limited persistence.

Inorder tofunction, signal-1 needsto begenerated
inaT cell. Signal-1isgenerated whenaT cell binds
throughits TCRtoitsnative antigen presented by an
HLA molecule. However, a naive T cell requires
additional stimulatory eventsincited by neighbouring
cellsinorder tofunctioncompletely. Theseadditional
eventsleadtothegenerationof signal-2and sometimes
evensgna-3. Examplesof theseincludeactivatingligands
displayed on the surface of the cells presenting the
antigen, whichbindco-stimulatory moleculesin T cells
(forsignal-2) and stimul atory cytokinessecreted by the
sameor other nearby cells(for signal-3).

Recently devel oped 2™ generation CARshavebeen
engineeredtoincludeother stimul atory domainssoasto
provideT cellswithadditional activatingsignals. As
theseco-stimul atory domainsareincorporatedintothe
CAR, itsactivationby engagement withtherespective
antigenddiversbothsignd-landsigna-2toT cells,thus
overcoming the problems that arise from a solitary
signal-1. Many in vitro and preclinical studies have
shownimprovedfunctionof T cellsbearing 2™ generation
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Fig 2: Generations of CARs

CARsthan 1% generation ones. 3" generation CARs
incorporating 3or morestimulatory domainshavea so
beendescribed but their effectsarenot yet apparent.

How to Embed CARsinto T Cells (Gene Transfer
Methods)

In most cases, the goa is to obtain constitutive
expression of the CARs. Therefore, usually those
techniquesareutilisedwhichleadto permanent genetic
modification of the T cells rather than momentarily
expressing CARsintheT cells. Themost frequently
employedstrategy usesgammearetrovirusesor lentiviruses
(bothmembersof theretrovirusfamily) that areengineered
toencodethefull lengthCARmolecule. Uponinfection
of the target cells, the viral genomic RNA gets
retrotranscribedintoDNA, whichinturngetsrandomly
insertedintothehost cell DNA throughtheactionof a
vird integrase, hencebecoming part of that cell’ sgenome.
Sincetheretroviruseslack key geneslikegag, polandenv,
they areunabletocompletetherr lifecycleby proliferating
andinfectingother cdls(replication-defective).

Gammaretrovirusesrequirethat their target cellsare
dividingfor successful integration, unlikelentiviruses,
whicharecapabl eof infectingrestingcells. Twomethods
areusedtoobtainapopulationof T cellsthat havebeen
activatedin vitro.

One method is to use an activating monoclonal
antibody anti-CD3(OK T3)inorder toobtainpolyclonal
stimulation of T cells. The “lymphoblasts’ (OKT3-
blasts) thus obtained are easily transducible by
retroviruses. For further activatingtheT cells, stimulation
of native CD28receptorsisdoneby another agonistic
monoclond antibody. After stimulationandtransduction,
whichtakesapproximately 48 hours, the T cellsarekept
inculturefor 2to3weeksin|L-2containingmediumuntil
sufficient numbersarereached.

Another methodistoselectively expand T cellswith
particul ar specificitiesinthepresenceof antigenpresenting
cellssuchasdendriticcellsor lymphoblastoidcell lines.
Theseantigen-specific T cellscanthen betransduced
witharetrovirusencodingaCAR, generating bispecific
cellines.

Due to high costs of retrovirus production under
good manufacturing practi ces, somenon-viral methods
areal sousedfor permanent transduction, specifically
transposon-based systems, including Sleeping Beauty
andPiggyBac. Theseusuadly requiredoubl etransfection
withoneplasmid containingtheexpress oncassettefor
thedesired CAR and another encoding atransposase.
Once expressed in the target cells, the transposase
catalyzestheintegration of the CAR geneinto specific
sitesthroughout the genome and thusleadsto stable
Integrationof thegeneof interest.

Dependingonthefinal applicationandtheoverall
efficiency of thetransductionmethod used, aselectable
marker (suchassurfaceantigenor anantibioticres stance
gene) can be used to aid the purification of the
transducedcells.

How CARs Work (Mechanism of Action)

Very littleisknown about theinitial activation of
CARs. It iscommonly assumed that dimerization or
multimerization of thereceptorsresultingfrombinding
target antigenepitopesbringstogether their cytoplasmatic
signalling domains, which then become targets for
intracellular kinases, such asL ck. Phosphorylation of
ITAM (immunoreceptor tyrosine based activation
motives) containedinthesignallingportionof theCARs
thenrecruitadapter molecules, suchasZAP-70,which
in turn stimulate downstream pathways that lead to
activation of the transduced cells. Depending on the
exact natureof thetransduced cell thisleadstorel easeof
cytotoxicmolecules(suchasperforinor granzymes),
expressionof proapoptoticligands(suchasFasligand—
FasL, and tumor necrosis factor-related apoptosis
inducingligand-TRAIL) or secretionof proinflammeatory
cytokines (such as IL-2, IFN-Y and TNF-a). Thus,
tumor cellscanbed iminateddirectly by theCAR-T cells
or other immune cells can be recruited to the tumor
microenvironment, whichusualy ishostiletoeffector T
cellsbecause of the presence of immunosuppressive
cdlls(suchasregulatory T cdlls, stromd cellsandmyel oid
derivedstromal cells) andinhibitory cytokinessecreted
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Pros and Cons of CARs

Advantages: The most prominent advantage of this
strategy isthat it avoids the requirement of antigen
processing and presentation by thetarget cell and is
applicable to non-classical T-cell targets like
carbohydrates. Some other advantages of CARs are
follows-
- Highlytargeted
Potential benefitsof activetraffickingtotumour sites
Invivo expansionandlongterm persistence
Havehumanleukocyteantigen(HLA)-unrestricted
activity and cantarget non-proteinantigens
SinceCARsares nglemol ecul es, they arenot subject
tomigpairingwithcomplementary chains(native TCR
chains)
Disadvantages
Only surfaceantigenscanberecognizedby CARs
Presenceof solubleantigen shed by tumourscould

competewithbindingandkillingof themalignantcdlls
(thoughitsnotamajorissue)

Future Scope and Application of CARs

Till date, CARmodified T cellshavebeenusedin
several clinical trialsbut the resultshave so far been
unobtrusive. Some matters that have scope for
developmentand couldaidinmaking CARsapreferred
method of cancer therapy are

I ncorporation of morepotent costimul atory domains

intotheCAR-molecule

Better genetransfer methods

Transductionof specificmemory populations

Infusion of the modified T cells into a lympho-

depleted host

Provisionof T-cell-gpecificcytokines

If theabove-mentioned areasareaddressed, thenin
thefutureCAR-modified T cellswill mostlikely play an
increasing rolein cellular therapy of cancer, chronic
infectionsandautoimmunedisorders.

Concluding Remarks

The CAR-mediated recognitioninducescytokine
productionandspecifictumor-directed cytotoxicity of T
cells. Secondandthirdgeneration CARsincludesignal
sequences from various co-stimulatory molecules
resultinginenhanced T-cell persistenceand sustained
antitumor reaction. Clinical gpplicationsreved that CAR
T isgoing to be magic bullet of cancer patient’ swho
sufferedafallurefromchemotherapy andothermodalities
of cancer treatment.

(Dr Swagata Das, National Institute of Technology,

Tiruchirappalli; Dr Dipanjan Ghosh, University of
Texas, M D Anderson Cancer Institute,Houston)

Rajiv Gandhi Cancer Institute

and Research Centre

DEPARTMENT OF NEURO SURGERY

RGCI & RC is committed to providing comprehensive cancer treatment to its patients. Adding
another feather to its cap, the Institute has constituted Department of Neuro Surgical Oncology.
Led by Dr P K Sachdeva (Sr Consultant) and Dr R S Jaggi (Consultant), RGCI & RC's team of
neurosurgery providessurgical treatment for brainand spinetumors. Thehospital isfully equippedtoprovide

al treatmentfacilitiesunder oneroof:

* Minimal invasive surgery ¢ Microscopic surgery ¢ Endoscopic surgery ¢ Stereotactic surgery
» Radiation Therapy ¢ 3D CRT * IMRT ¢ IGRT « Chemotherapy « Stereotactic Radiosurgery
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