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Kidney cancer, alsocalledrenal cancer, isadiseaseinwhichkidney cell shecomemalignant and grow out of control, forming
atumor. Renal cell carcinoma (RCC) accountsfor around 90 percent of all kidney cancersandishighly aggressive and most
|ethal among urol ogic malignancies. Eachyear approximately 273,000 new casesof kidney cancer arediagnosed worldwide,
representing about 2 percent of all cancers. Although the number of such casesin Asiaisthe lowest, theratio of incidence
tomortality ishigher. Thehighestincidencesof RCCtendto occur inWestern countries. Smoking, overweight, hypertension,
and germline mutations in specific genes are the established risk factorsfor this malignancy. RCC can be either familia or
sporadic. Both forms are often associated with distinct genetic mutations, of which the most prominent are the von Hippel-
Lindau gene mutations.

Unfortunately, early kidney cancersdo not usually causeany signsor symptoms, but larger onesmight. Unlikemost other
cancers, kidney cancer can often be diagnosed fairly without a biopsy. Usually imaging tests give a reasonable amount of
certainty that a kidney massis cancerous or not. Many prognostic factors, such asthe TNM staging system, tumor grade,
sarcomatoid features, tumor size, performance status, etc, have been identified in RCC.

Theradical nephrectomy isconsidered asthegold standard treatment for |ocalized RCC with contral ateral normal kidney.
Approximately one-third of the patients present with metastatic disease and up to 40% of the patients suffer recurrence after
surgery for clinically localized disease. In metastatic disease, the curerateislow asit ishighly radio- and chemo-resistant.
RCC evokes an immune response, which has occasionally resulted in spontaneous and dramatic remissions. However, no
satisfactory results exist for patients with advanced RCC at present and the response rate with immunotherapy using INFa
and IL-2 islessthan 20%.

More recently, there has been the advent of targeted cancer therapies. The introduction of VEGF and mTOR inhibitors
has markedly expanded our drug armamentarium and improved the outcome of a disease that has always been challenging
totreat. Selective advancesin diagnosis, staging and treatment of patient with RCC have resulted inimproved survival of a
selected group of patients and overall change in natural history of the disease.
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: Thisissueof Cancer News profilesthe complexitiesand advancementsin thefield of renal cancer, and includesregular :
| articles, su.ch as " $p§cial Eeature” , “Guest Article”, “Perspective’, “Watch-Out”, “Research & Development”, “New |
| Technologies’, “Clinical Trials’, “Watch-Out”, “Globe Scan”, and “ Cancer Control”. |
| We appreciate the contribution made by Dr Kumar Prabhash, Professor, Dept of Medical Oncology, Tata Memoria | |
| Hospital, Mumbai, for providing the “Guest Article” on “ Redefining Treatment Selection to Optimize Patient Outcomesin |
| Renal Carcinoma”. |
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SPECIAL FEATURE

RENAL CELL CARCINOMA -ANOVERVIEW
Introduction

The treatment of rena cell carcinoma (RCC) has
undergonemany changesduringthelast severa decades.
Magjor advancesincludeincreased detectionof incidental
tumorsandatrendtowardsnephron-sparingsurgery and,
morerecently, avariety of minimallyinvas veapproaches.
Eventoday, RCCremainsprimarily asurgical disesse. It
isstill consideredtheparadigm of thechemorefractory
tumor, andathoughimmune-basedtherapieshaveshown
promise, overall response rates remain low. Recent
effortshavefocusedonmultimodal strategiesinaddition
toavariety of nove therapeuticapproaches.

Incidence

RCC, which accounts for 2% to 3% of al adult
malignant neoplasms, isthemost lethal of theurologic
cancers. Overall, 8.9 new cases are diagnosed per
100,000 popul ation per year intheUnited Stateswitha
male-to-femal epredominanceof 3:2. Thisisprimarily a
diseaseof theelderly, withtypical presentationinthe
sixthand seventhdecadesof life. Theincidenceof RCC
has increased since 1970s, largely because of more
prevalent use of ultrasonography and CT scan. This
trend is correlated with an increased proportion of
incidentally discovered andlocalizedtumorsandwith
improved5-year survival ratesfor patientswiththisstage
of disease. Theincidenceof advanced tumorsper unit
popul ationhasa soincreasedsuggestingthat adel eterious
changeintumor biology may haveoccurred.

Etiology

Theonly generally acceptedenvironmenta risk factor
for RCCistobaccoexposure. Studieshaveshownthat
RCCismore common among individual swith long-
standing obesity, |ow socio-economicstatus, and urban
background, although the causative factors have not
beendefined. Other potential iatrogeniccausesinclude
thorotrast, radiation therapy, and antihypertensive
medication; buttherelativerisksarelow.

Pathology

Most RCCsareround to ovoid and circumscribed
by a pseudocapsule of compressed parenchymaand
fibroustissuerather thanatruehistologiccapsule. They
arenotgrosdy infiltrative, withthenotabl eexception of
collecting duct RCC and some sarcomatoid variants.

Nuclear featurescanbehighly variable, andanumber of
gradingsystemshavebeenbased onfeatureslikenuclear
sSizeand shapeandthepresenceor absenceof prominent
nucleoli. Fuhrman’ s system hasbeen most generally
adopted and is now recognized as an important
independent prognosticfactor for RCC. Frankinvasion
and perforationof thecollecting systemor rena capsule
are found in approximately 20% of cases, although
displacement of these structures is a more common
finding. Oneuniquefesatureof RCCisitspredilectionfor
involvement of thevenoussystem, whichisfoundin 10%
of RCCs. Thisismost commonly manifestedintheform
of acontiguoustumor thrombusthat canextendintothe
inferior venacavaashighastheright atrium. Bilateral
involvement canbesynchronousor asynchronousandis
found in 2% to 4% of sporadic RCCs, althoughitis
cons derably morecommonin patientswithvonHippel—
Lindaudiseaseor other familia formsof RCC. Satellite
lesions are often small and difficult to identify by
preoperativei maging, intraoperativeul trasonography,
or visual inspection; they appear to bethemainfactor
contributingtoloca recurrenceafter partia nephrectomy.

Approximately 90% of renal tumorsareRCC. All
RCCsareby defenitionadenocarcinomas, derivedfrom
renal tubular epithelial cells. Clear cell and papillary
variantsof most RCCsarederivedfromproximal tubular
cellswherasmost other histol ogic subtypesappear tobe
derivedfromthemoredistal e ementsof thenephron.

Conventional RCCaccountsfor approximately 70%
to80%of all RCCs, representingthegardenvariety of
RCC. Chromosome 3 alterationsand VHL mutations
arecommoninconventional RCC. Chromophilic RCC
or papillary RCCrepresents10%to 15%of all RCCs,
dthoughitismorecommonly foundincertainpopul ations,
suchaspatientswithend-stagerend failureand acquired
renal cysticdisease. Chromophobecel | carcinoma, isa
distinctivehistol ogicsubtypeof RCCthat appearstobe
derivedfromthecortical portionof thecollectingduct.
It represents 3%to 5% of all RCCs.

Collecting duct, or Bellini’ s duct carcinomais a
relatively raresubtypeof RCC, accountingforlessthan
1%of all RCCs.Many reported caseshaveoccurredin
younger patients, and are derived from the medulla.
Rena medullary carcinomaoccursalmostexclusivelyin
associationwiththesicklecdl trait. Itistypicaly diagnosed
inyoungAfrican Americans, ofteninthethird decadeof
life.Itisthought toarisefromthecaycea epithdiumnear
therend papillaebutisoftenhighlyinfiltrative. Sarcomatoid
variantsof almost all the histol ogic subtypesof RCC
havebeendescribed, foundin 1%to5%of RCCs, most
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commonly in association with conventional or
chromophobicRCC. Itischaracterized by spindlecell
higtology, positivestainingfor vimentin, infiltrativegrowth
pattern, aggressivelocal and metastatic behavior, and
poor prognosis. Unclassified RCC representsasmall
minority of cases(<3%) of presumed RCCwithfestures
that remainindeterminateevenafter careful analysis.

Clinical Presentation

Because of the sequestered | ocation of thekidney
withintheretroperitoneum, many renal massesremain
asymptomati cand nonpal pableuntil they areadvanced.
Withthemorepervasiveuseof noninvasiveimagingfor
the evaluation of a variety of nonspecific symptom
complexes, morethan 50% of RCCsarenow detected
incidentally. SymptomsassociatedwithRCC canbedue
to local tumor growth, hemorrhage, paraneoplastic
syndromes, or metastati c disease. Theclassictriad of
flank pain, gross hematuria, and pal pabl e abdominal
mass is now rarely found. Indicators of advanced
diseaseincludeconstitutional symptoms, suchasweight
loss, fever, andnightswests; physica examinationfindings
such as nonreducing varicocele and bilateral lower
extremity edemasuggest venousinvolvement. A minority
of patients present with symptomsdirectly related to
metastatic disease, such as bone pain or persistent
cough. Paraneopl astic syndromesarefoundin 20% of
patients with RCC, the most common being
hypercalemia, hypertension, polycythemia, hepatic
dysfunctionandanemia.

Staging and Diagnosis

Until the1990’ s, themost commonly used staging
system for RCC was Robson’s modification of the
system of Flocks and Kadesky. International Union
Against Cancer proposed the tumor, nodes and
metastases(TNM) systemof stagingwhichwasrevised
1IN 2002 by the American Joint Committeeon Cancer,
whichisnow therecommended staging system.

Theclinical staging of renal cancer beginswith a
thorough history, physical examination, andjudicious
use of laboratory tests. Abnormal liver function test
results, elevated serum akaline phosphatase or
sedimentationrate, and significantanemiapointtothe
probability of advanceddisease. Theradiographicstaging
of RCC can be accomplished with a high-quality
abdominal CT scaninmost cases. MRI canbereserved
primarily for patientswithlocally advanced malignant
disease, possi blevenousinvol vement, rend insufficiency,
or alergy tointravenouscontrast material. M etastatic
evaluationinall casesshouldincludearoutine chest

Table 1:International TNM Staging System for RCC

T : Primary tumor

TX : Primary tumor cannot be assessed

TO : No evidence of primary tumor

Tla : Tumor < 4.0 cm and confined to the kidney

Tib :
T2 : Tumor > 7.0 cm and confined to the kidney
T3a :

Tumor > 4.0 cm and <7.0 cm and confined to the kidney

Tumor invades adrenal gland or perinephric fat but not
beyond Gerotas fascia

T3b : Tumor extendsinto therenal vein (or its segmental
branches) or vena cavabelow diaphragm

T3c : Tumor extendsinto the vena cava above the diaphragm
or invadesthewall of the venacava

T4 : Tumor invades beyound Gerota's fascia

N : Regiona lymph nodes

NX : Regiona lymph nodes cannot be assessed
NO : Noregiona lymph nodes metastasis

N1 : Metastasisinasingleregiona lymph node

N2 : Metastasesin more than one regiona lymph nodes
M : Distant metastases
M X : Distant metastasis cannot be assessed
MO : No distant metastasis
Table 2: Stage Grouping
Stagel T1 NO MO
Stagell T2 NO MO
Stagelll TlorT2 N1 MO
T3 NOorN1 MO
StagelV T4 any N MO
any T N2 MO
anyN M1

radiograph, andliver functiontests. A bonescancanbe
reserved for patients with elevated serum akaline
phosphatase or bone pain and chest CT scan can be
reservedfor patientswith pulmonary symptomsor an
abnormal chest radiograph. Positron emission
tomography hasa sobeeninvestigatedfor patientswith
highrisk or metastaticRCC, withmost studiesshowing
goodspecificity but suboptimal sengtivity. At present, its
best role is for patients with equivocal findings on
conventional imaging. Theindicationsfor percutaneous
renal biopsy or aspiration in the evaluation of rena
masseshavetraditionally beenlimited. Itisindicatedin
patientssuspected of having metastatic disease, rend
abscess, orlymphoma, dl of whichareprimarily managed
medically or in patientspresenting with disseminated
metastasesor unresectableprimary tumorsbeforestarting
target therapy or in patientswith extensivecomorbid
diseaseor other contraindicationstosurgery.
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Prognostic Factors

Important prognosticfactorsfor RCCincludespecific
clinical signsor symptoms, tumor-rel ated factors, and
variouslaboratory findings. Stagehasprovedtobethe
snglemostimportant prognosticfactor for RCC. Studies
demonstrate 5-year survival rates of 70% to 90% for
organ-confined disease and document a15% to 20%
reduction in survival associated with invasion of the
perinephricfat. Further studiesdocument 45%t069%
5-year survival ratesfor patients with venous tumor
thrombi aslongasthetumor isotherwiseconfinedtothe
kidney, and suggestingthat thecephal ad extent of tumor
thrombusisnot of prognosticsignificanceaslongasthe
tumor isotherwiseconfined. Themg or dropinprognoss
comesinpatientswhosetumor extendsbeyond Gerota' s
fasciato involve contiguous organs, which israrely
associated with 5-year survival, and in patients with
lymph node or systemic metastases. Lymph node
involvement haslongbeenrecognizedasadireprognostic
sSignbecauseitisassociatedwith5-and 10-year survival
ratesof 5%t030%and 0%t05%, respectively. Systemic
metastasesportendayparticularly poor prognosisfor RCC,
with1-year survival of lessthan50%, 5-year surviva of 5%
t030%, and 10-year surviva of 0%1t05%. Tumor grade
andhistol ogicsubtypearea soindicatorsof prognoss.

Themost widely used prognosticfactor model for
metastati cdiseaseisfromtheMemorial S oanKettering
Cancer Centre(M SK CC), whichincludesfivevariables:
interval from diagnosisto treatment of lessthan 1 yr,
Karnofsky performace status less than 80 %, serum
L DH>1.5timestheupper normal limit(UNL), corrected
serumcalcium>UNL, and serumhemoglobin<lower
normdl limit. Petientsaredividedintolowrisk, intermediate
risk and poor risk accordingtothesevariables.

Treatment of Localized RCC

Radical Nephrectomy: Surgery remainsthemainstay
for curativetreatment of thisdisease. Theobjectiveof
surgical therapyistoexciseal thetumor withanadequate
surgica margin. Radica nephrectomy (RN) remainsthe
establishedformof treatment for patientswithlocalized
unilateral RCC and anormal contral ateral kidney.
Radical nephrectomy includesaperifascial resection
of thekidney, peri renal fat, regional lymphnodes, and
ipsilateral adrenal gland. Open, laparoscopicor robotic
surgical technique may be used to perform RN, with
equivalent cancer freesurvival rates.

Thesurgical approach for radical nephrectomy is
determined by thesi zeand | ocation of thetumor aswell
asby thebody habitusof thepatient. TheNCCN Kidney
Cancer Panel recommendslymph nodedissectionfor

patientswith papableor CT detected enlarged lymph
nodes and to obtain adequate staging information in
those with nodes that appear normal. Ipsilateral
adrenal ectomy should beconsideredfor patientswith
largeupper poletumorsor abnormal appearingadrena
glandson CT scan.

Nephron- Sparing Surgery: Nephron-sparingsurgery
entailscompl etel ocal resection of arenal tumor while
leavingthel argest possibleamount of norma functioning
parenchymaintheinvolvedkidney. Acceptedindications
for nephron-sparingsurgery includesituationsinwhich
radical nephrectomy woul drender thepatient anephric
or a high risk for ultimate need of dialysis. This
encompasses patients with bilateral RCC or RCC
involvingasolitary functioningkidney or if functioning
opposite kidney is affected by a condition that might
threatenitsfuturefunction. Nephron-sparingsurgery may
bean acceptabl etherapeuti c approachin patientswho
have a single, small (<4 cm) RCC and a normal
contralateral kidney. Open, laparoscopic or robotic
partial nephrectomy all offer comparableoutcomesin
thehandsof skilled surgeons.

Three-dimensiona volume-rendered CT (or MRI) is
now established asanoninvasiveimaging modaity that
canaccurately depicttherend parenchymal andvascular
anatomy. Thetechnical successrateof nephron-sparing
surgery for RCCisexcellent.

Thermal Ablative Therapies: Thermal ablative
therapies,includingrend cryosurgery andradiofrequency
ablation, haveemerged asalternativenephron-sparing
treatmentsof localized RCC. Bothcanbeadministered
percutaneoudy or throughlaparascopi cexposureandthus
they offer thepotentia for reduced morbidity and more
rapid recovery. However, long-term efficacy is not
established. Theideal candidatesfor thermal ablative
procedures may be patients with advanced age or
sgnificantcomorbiditieswhoprefer aproactiveapproach
but arenot cons dered good candidatesfor conventional
surgery, patientswithlocal recurrenceafter previous
nephron-sparing surgery, and patientswith hereditary
renal cancer who present with multifocal lesionsfor
which multiple partial nephrectomies might be
cumbersomeif notimpossible. Tumor sizecanalsobean
important factor in selection of patients because the
current technol ogy doesnot allow reliabl etreatment of
lesonslargerthan3.5cmindiameter. Other excitingnew
technol ogies, suchashigh-intensity focused ultrasound
and frameless, image-guided radiosurgical treatments
(CyberKnife),ared sounder developmentandmay alow
extracorpored trestmentof amall rend tumorsinthefuture.
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Observation: Patientswithsmall, solid, enhancing, well-
marginated, homogeneousrena lesions,whoareelderly
or poor surgical risks, cansafey bemanagedwithobsarvetion
andserid rena imagingat 6-monthor 1-yearintervals.

Treatment of Locally Advanced RCC

Inferior Vena Caval Involvement: Involvement of the
IV CwithRCC occursin4%-10% of patients. Staging
of thelevel of IV Cthrombusisasfollows: (1), adjacent
totheostiumof renal vein; (11), extendinguptothelower
aspectof theliver; (111),involvingtheintrahepaticportion
of thel VChbut bel ow thediaphragm; and (1V), extending
abovethediaphragm. Surgical removal offerstheonly
realistichopefor curefor most patients. Resectionof a
caval or atrial thrombusmay requirethetechni quesof
veno-venousor cardipulmonary bypass, withor without
circulatory arrest.

Locally Invasive RCC: Duodenal and pancreatic
invasion is uncommon and a poor prognostic sign.
Becausesurgical therapy istheonly effectiveway to
manageRCC, extended operationswithenblocresaction
of adjacent organsaresometimesindicated. Complete
excisonof thetumor,includingresectionof theinvol ved
bowel, spleen, or abdomina wall muscles, istheaimof
therapy. Theroleof radiationtherapy inthetrestment of
locally extensiveRCCiscontroversial.

Adjuvant Therapy for RCC: The majority of
postoperativeadjuvant trial sin patientswith resected
renal cancer have been negative, and the standard of
care remains observation. Trials using targeted oral
agents, suchassorafenibor sunitinib, areunderway for
the popul ation of patientswith surgically resectable
RCC, andwhoareat highrisk for recurrence.

Treatment of Metastatic RCC

Nephrectomy: Approximately one-third of patients
with RCC havemetastatic diseaseat thetimeof initial
diagnosis(synchronousmetastati cdisease), and40%to
50%will developdistant metastasesafterinitial diagnoss.
Aamdl subsetof patientswithpotentidly surgicalyresectable
primary RCC and a solitary resectable metastatis are
condidatesfor nephrectomy andsurgical metastatectomy.
Pdlliativenephrectomy canbedonefor recurrenthematuria
or significant pain or paraneoplastic syndromes.
Cytoreductivenephrectomyfollowedby sysemictrestment
shouldbecons deredinpatientswithsynchronousmetadiatic
disease. Careful selectionof patientsremai nsof paramount
importance. Individuals with advanced symptoms,
metastasesincritical areas(central nervoussystem, spindl
cordcompresson), maororgandysfunction,andsignificant
comorbidillnessesarenot candidatesfor suchapproaches.

Hormonal Therapy: Theuseof hormonal therapy for
patientswithmetastaticRCChasminimal value.

Chemotherapy: Currently available data of
chemothergpy donot demonstratereproduci bleantitumor
activity orimprovementinsurvival of patientstrestedfor
metadteticclear cdll carcinoma. npatientswithmetastatic
non clear cell malignant neoplasms or tumors with
sarcomatoid differentiation, variousagentsincluding
doxorubicinandgemcitabinemay haveclinica activity.
Radiation Therapy: At present, the main role of
radiationtherapy for patientswithmetastaticRCCisfor
thepalliationof symptomatic osseousmetastases.

Adoptive Inmunotherapy and Vaccines: At present,
use of adoptive immunotherapy and tumor vaccines
remainsinvestigationd.

Cytokine Therapy: Until recently, systemictreatment
optionsformetastaticRCCwerelimitedtocytokinetherapy.
Thethergpeuticpotentia of cytokinesandimmunctherapy
hasshownred butlimitedefficacy. InterferonafaandlL-
2havebeentesteda oneor incombinationwithoverall
responseratesranging from 13%-20%.

Targeted Therapy: Targetedtherapy utilizingtyrosine
kinaseinhibitorsand mammaliantarget of rapamycin
(mTOR) inhibitorsareusedwidely infirstand second-
line treatments. To date, seven such agents have been
approved by FDA for thetrestment of advanced RCC:
sunitinib, sorafenib, pazopanib, axitinib, temsirolimus,
everdimusandbevad zumabincombinationwithinterferon.
Withgradually increased usageof thesedrugs, theirrole
inneoad] uvant and adjuvant settingisa sobeing studied.

Supportive Care

Supportivecareremainsamainstay of therapy for all
patients with metastatic RCC. A biphosphonate or a
RANK ligandinhibitorisindicatedfor sel ected patients
with bony metastases. Treatment for the palliation of
symptomsincludesoptimal painmanagement.

Multimodal Therapy

Theoptimal timing of adjuvant nephrectomy inthe
settingof multimodality treatmentremainsunclear. An
aggressivesurgical approachto RCC often offersthe
best chancefor along-term cure. Salvagesurgery for
removal of res dua metadtaticles onsmay extendsurvival
for some patients with metastatic RCC. Selection of
patientsclearly playsarole.

(Dr Samir Khanna, Consultant; Dr Sudhir Rawal,
Sr Consultant and Director Surgical Oncology;
Dept of Genito-Uro Oncology)
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GUEST ARTICLE

REDEFINING TREATMENT SELECTION TO
OPTIMIZE PATIENT OUT COMES IN RENAL
CARCINOMA

Introduction

Renal cancer, althoughrelatively rare, accountsfor
3-4%of dl adultmalignancies,! withasteady increasein
incidenceinrecentyears; globally,in2008,almost 2.7
lakh new cases of renal cancer were registered, and
amost 1.1 lakh renal cancer deaths were recorded.
Renal cancerismorefrequentinthedevelopedworld,
withthehighestincidenceratesinEurope, NorthAmerica
and Australia, andrelatively lower incidenceratesin
India, Japan, Africaand China>** Rend cell carcinoma
(RCC) accountsfor approximately 85-90%of al kidney
tumors, and themost common hi stol ogi cal subtypeof
RCCisclear cell RCC(75-80%of all RCC).Non-clear
cell RCC, which accountsfor about 20-25% of RCC,
includes, among other subtypes, papillary and
chromophobeRCC.?

Manyriskfactors suchasobesty, smoking, hypertenson,
etc., havebeenimplicatedintheetiopathogenesisof RCC;
however, nocausality hasbeendemonstratedyet.*RCC
isusually asymptomatic, and as many as 50% of the
casesarediagnosedincidentally onradiology. Itisonly
intheadvanced stagesof thedisease, when symptoms
suchasweight | oss, hematuriaand anabdominal mass,
manifest; 20% of patients have regional spread, and
30%havemetastaticdiseaseat presentation. Diagnosis
isal sooftenobscured by non-specificsymptomssuchas
those pertaining to metastatic disease (bone pain,
respiratory symptoms), thosearisingfromother organ
involvement and/or paraneopl asticsyndromes.>#

Surgery remainsthemainstay of themanagement of
RCC,; however, the role and appropriate timing of
nephrectomy inthecurrent eraof targeted therapeutic
agentsisbeing evaluatedinmultiplestudies. Despite
surgery for localized disease, one-third of patients
subsequently rel apse and devel op metastati cdi sease.
The prognosisfor patientswith metastatic diseaseis
poor,withafive-year survival rateof~10%.” M etastatic
RCC is known to be resistant to hormonal therapy,
conventional chemotherapy and radiotherapy. Until
recently, cytokine-basedimmunothergpy withinterleukin-
2(IL-2) andinterferon-a(IFN-a)comprisedthestandard
of carefor metastatic RCC (mRCC). However, these

trestmentswereshowntohavelimitedefficacy inamgority
of mRCC cases and were associated with substantial
toxicities. Theneedfor better treatment approachesto
mRCC and recent devel opmentsinour comprehension
of themolecular biologiclandscapeinmRCChasledto
theidentification of specificetiopathogenetic cascades
andtargetsthroughongoingresearch.

The origin of the molecular etiopathogenetic
mechanismsin RCC have been traced to sporadic or
geneticaberrations(observedinhereditary andfamilia
renal cancer syndromes, suchasthevonHippel Lindau
syndrome, Birt Hogg Dube syndromeand hereditary
papillary RCC).* Thisunderstandinghasspurredextensive
researchonmolecul ar targetedtherapy inRCCand has
revolutionized our treatment approach to RCC. The
commonunderlying etiopathogeneticthemeinRCCis
unregul ated angiogenes s, whicharisespredominantly
from the disturbancesin hypoxiasignaling,® and the
critical targets in this cascade include the vascular
endothelial growthfactor (VEGF) andthemammalian
targetof rgpamycin(mTOR).? Asaresultof identification
of these targets, as many as seven new therapiesfor
mMRCC havebeenapprovedby variousdrugregulatory
agenciesin lessthan adecade: theseinclude VEGF
receptor tyros nekinaseinhibitors(VEGFR-TKIs) such
asSorafenib, Sunitinib, Pazopanibandthemost recent
Axitinib, a monoclonal antibody against VEGF
(Bevacizumab), andthemTORinhibitors Temsrolimus
andEverolimus. Thisarticleprovidesanoverview of the
availabledataontherecommended clinical useof these
agentswiththeaimof optimizingtherapeuticoutcomesin
MRCC, and aso raises some important unanswered
questionswiththehopethat ongoingresearchwill address
theminthefuture.

Treatment-naive Patients with mRCC

For thetreatment of treatment-nai ve patientswith
metastaticclear-cell RCC, theNational Comprehensive
Cancer Network (NCCN) guidelines currently offer
category 1 recommendations to 4 agents, namely,
Sunitinib, Bevacizumab + IFN-a, Pazopanib and
Temsirolimus(in patientswith poor prognosticrisk).
Eachof theseagentsindividually hasfavorableevidence
fromat least one Phasel 11 study for usein treatment-
naiveclear-cellmRCC.1

In this setting, Sunitinib was the first agent to be
approved by theUS-FDA in 2006, based ontheresults
fromaPhaselll trial (N =750) reported by Motzer, et
al.,"t which compared Sunitinib versus IFN-a in
treatment-naivepatientswithmRCC. Patientsreceived
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oral Sunitinib 50 mg once daily for 4 weeks in 6-
weekcycles(n=375) or subcutaneous| FN-a, 9million
units (MU) three times weekly (n = 375). Sunitinib
treatmentresultedinastatistically significant, favorable
progression-freesurvival (PFS) of 11 monthsversus
IFN-a (5months;Hazard Radiot (HR): 0.54); however,
itfailedtoprovideasgnificantly superioroverdl survival
(OS) benefit (SunitinibversusI FN-a: 26.4versus21.8
months;, HR: 0.82).Most common adverse events
associated with Sunitinib comparedwith| FN-awere
diarrhea(61%versus15%), fatigue(54%versus52%),
and nausea(52% versus 35%), and themost common
grade3/4treatment-rel ated adverseeventswith Sunitinib
werehypertension(12%), fatigue(11%), diarrhea(9%),
and hand-foot syndrome (9%)."!

Theapprova of Bevacizumab+I1FN-afor treatment-
naiveadvanced RCC succeededthe AV OREN trial 2
wheretheefficacy of thecombinationwasassessedin
649 patients. Patientsreceived IFN-a 9 MU 3 times
weekly + Bevacizumab 10mg/kg 1V every 2weeks(n
=327) or IFN-a 9MU 3timesweekly (n=322). The
medianPFSwass gnificantly longerintheBevacizumab
+ IFN-a group thanit wasin the |[FN-a plus placebo
group(10.2versus5.4months), whiletheOSwassimilar
across both the groups (23.3 versus 21.3 months).
Similarly, in a Phase Il trial (CALGB)" with 732
patients, OSfavored Bevacizumab combinedwithl FN-
a (18.3 months) compared to IFN-a monotherapy
(17.4months), butthedifferencewasnotsignificant. The
treatment-related toxicities were higher in the
Bevacizumab+ |FN-a group; however, hypertension
was suggested to be a biomarker of outcomefor the
Bevacizumab+IFN-aarm.

Pazopanib, a more selective VEGFR-TKI with
remarkableVV EGFR-2inhibitory potential, wasrecently
approvedin2009for treatment-nai veadvanced RCC.
In apivotal Phase Il trial (N= 435)" that included
treatment-naive(n=233) and cytokine-pretreated (n=
202) patients with advanced RCC, the trial subjects
weretreatedwitheither Pazopanib (800mg/day ordly;
n = 290) or placebo (n = 145). The PFS favored
Pazopanibamongtrestment-naivepatientswithmRCC
(11.2monthsversus2.8monthswith placebo). Pazopanib
demonstrated acceptabl e safety and tolerability and
most adverse events related to Pazopanib treatment
weregrade 1 or 2 and wereclinically manageable. A
poss blecriticismof thispivotd trid i sthatitwasconducted
with aplacebo groupinstead of an active comparator
fromamongthetherapeutic optionsalready approved
for this indication.” Therefore, the COMPARZ"

(evaluatingtheefficacy of PazopanibversusSunitinib)
and PISCES'¢ (patient and physician preference for
Pazopanib versus Sunitinib) were conducted. The
COMPARZ trial demonstrated thenon-inferiority of
Pazopanibascomparedto Sunitinib (median PFS: 8.4
monthsversus9.5months; HR: 1.047), alowerincidence
of fatigue, hand-foot syndrome, mucositis and
hematol ogi cal toxicities, andbetter quality of lifeQuality
of Life(QoL ) scores. Intheuniquely designed PISCES
trial, 70% of patientsand 61% of physicianspreferred
Pazopanibover Sunitinibowingto better QoL andless
fatigue, thusmaking Pazopanibawel comeadditionto
thephysicians armamentariumtotreat mRCC.

Temdrolimus thefirsmTORIinhibitortobegpproved
for renal cancer, carries an NCCN category 1
recommendationfor thefirg-linetrestment of patientswith
advanced RCCwhohaveahighprognosticrisk basedon
thepresenceof 3or moreof the6risk sratificationcriteria
(serumlactatedehydrogenaseleve of morethan 1.5times
theupper limitof normal,acorrectedserumcaciumlevel
morethantheupper limitof norma,ahemoglobinleve less
thanthelower limit of normal,aKarnofsky performance
score<70, multipleorganmetastasesand<1year duration
between diagnosis and trestment). The approval of
Temsrolimusinthissettingwasbasadonevidencefromthe
Phaselll globa advancedrend cdll carcinoma(ARCC)"
trial (N=626), thelargestevertrid thatincludedasmany
as 94% advanced RCC patientswith apoor prognostic
risk. This three-arm trial compared Temsirolimus
monotherapy (intravenous, 25 mg/week; n=209), |FN-
a monotherapy (subcutaneous; 3-18MU threetimes
weekly; n=207) orcombinationthergpywithTemarolimus
(intravenous; 15 mg/week) and | FN-a (subcutaneous,
6MU three times weekly; n = 210). Temsirolimus
monotherapy providedas gnificant OSbenefit(10.9months
versus7.3months(I FN-a monotherapy) and8.4months
(combinationarm). Temsirolimusmonotherapy wasal so
associated withthefewest grade 3/4 adverseeventsand
fewest dose reductions or delays, and the benefit was
cong dentacrossvarioussubgroups, particularly thoseover
65yearsof ageandthosewithnon-clear cel RCC,andwas
independent of thenephrectomy statusof thepatients.

Cytokine FailureinmRCC

Although cytokinescomprisedthestandard of care
formRCCinthepre-targetedtherapy era, they had been
showntobeassociatedwithsignificant toxicities, with
responseratesof 10-20%andamargina surviva benefit.'®
Thisnecessitatedthesearchfor better agentsthat could
beappliedincaseof cytokinefalureinmRCC. Currently,
NCCN guidelinesoffer category 1 recommendationsto
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Sorafenib, Pazopaniband Axitinibinthissetting. While
both SorafenibandPazopanibindividualy haveevidence
from placebo-controlled Phasell tria sinthissetting,
Axitinibistheonly agentthat hasshownsuperiority over
Sorafenib in the head-to-head comparative Phasel |l
AXIStrid.

TheUSFDA approval for Sorafenibinthissetting
wasprovidedonthebas sof evidencefromthePhasel |
TARGET trial (N =903)" that randomized cytokine-
pretreated patients with mRCC to receive Sorafenib
(400 mg twice daily orally; n=451) or placebo (n =
452). Sorafenibwasassociated withasignificant PFS
(5.5versus2.8months; HR: 0.44; plannedinterim PFS
analysis) and OSadvantage(17.8versus14.3months;
HR: 0.78; per-protocol analys safter adjustingfor cross-
over). Adverse events were generally manageable;
hypertension and cardiac ischemiawererare serious
adverse events that were more common in patients
receiving Sorafenibthaninthosereceivingplacebo. The
pivotal placebo-controlled, Phasel 11 trid of Pazopanib'
enrolled 202 cytokine-pretreated patientswithmRCC;
asubgroup analysisfor median PFSshowedatrendin
favor of Pazopanib (7.4 monthsversus4.2 months, HR:
0.54) withmanagesbletoxicities, whichultimately ledto
theUSFDA approval of Pazopanibinthissetting.

Theonly agent tobetestedinahead-to-head Phase
[l comparativetrial (the AXIStrial) inthissettingis
Axitinib.2* Thistrial randomized 723 patients with
advanced RCCwhohad progressedonfirgt-linetherapy
toreceiveAxitinib (5mgtwicedaily, oral; n=361) or
Sorafenib (400 mg twice daily, ora; n = 362). In a
planned subset andys sof thecytokine-pretreated patients
inthistrial (n=253), Axitinibwasshowntobesuperior
to Sorafenib (median PFS, 12.1 months versus 6.5
months; HR: 0.46), withamanageabl etoxicity profile,
whichledtoitsUSFDA approval inthissetting.

VEGFR-TKIFailureinmRCC

Although VEGFR-TKI-based therapies provide
sgnificantimprovementsover cytokineimmunotherapy
in MRCC, VEGFR-TKI resistance develops within
6-11 monthsinmost patients.*! Thus, for patientswith
mMRCCthereisacompellingneedfor effectivetreatment
followingprogressononaV EGFR-TKI. Asresistance
devel ops, subsequent diseaseprogressioncanberapid,
particularly if treatment is stopped. Initial evidence
suggests that reemergence of tumor-associated
vasculature(i.e., angiogenicescape) iscommonwith
continued V EGF suppressionandisbelievedto occur
by eltherintring cor adaptivemechanisms, whichinvolve

theup-regul ationof aternativeangiogenicsgna sbeyond
VEGF. For patientswho havean objectiveresponseor
stabledisease(SD) onVEGFR-TKI trestment andthen
experienceprogressivedisease, onepossi bleapproach
toovercomingresistanceissequentia treatmentwitha
different VEGFR-TKI. Although a few small
retrospective datasets indicate that trestment with a
secondVEGFR-TKI isofteneffectiveafter failureof a
first VEGFR-TKI, thisconclusionhasbeencalledinto
questionby theresultsof prospectivestudies. Moreover,
sequential therapy withV EGFR-TKIshaveoftenshown
toresultincumul ativetoxicitiesandincreasedincidence
of dosereductionsand/ or treatment di scontinuation.

AnalternativeapproachtoVEGFR-TKI failurein
MRCCistheapplication of agentsthat target adifferent
pathway,i.e, mTORInhibition. Thisformedtherationde
for the RECORD-1tria > thefirst, largest, placebo-
controlledPhaselll trial of EverolimusinVEGFR-TKI
failure. Thistrial randomized 416 patientswithmRCC
that hadfailed previoustherapy with Sunitinib (n=184)
or Sorafenib (n=124) or both (n=108) toreceiveeither
Everolimus(10mg/ day orally; n=277) or placebo(n=
139). Notably, prior treatment with IFN-a, IL-2,
Bevacizumab, and chemotherapy waspermitted, andon
theexperimental arm, atotal of 179 patients(65%) were
enrolledthat had al sorecei ved priorimmunotherapy .
Everolimuswasassociated withasignificantly better
PFS(4.9monthsversus1.9months; HR: 0.33), andthe
PFSbenefit wascons stent acrosssubgroups. Notably,
the beneficial effect of everolimus (HR: 0.33) isthe
strongestamongall other molecules(HRrangingfrom
0.44100.73) testedinphasel I trials, intermsof PFS,
witha67%reductionintherisk of diseaseprogression.
Moreover, animpressive PFSbenefitwith Everolimus
wasrecorded despiteit being testedinthecohort of
pati entswiththemost aggressivenatural history of the
diseaseever examinedinaPhaselll MRCCdesign.*
Everolimus was well tolerated and its therapeutic
benefitswereassociated with sustained heal th-rel ated
QoL . Clinical practiceguiddinesintheUSand Europe
therefore, uniformly recommend Everolimus as the
standard of care in mRCC that has failed first-line
VEGFR-TKI therapy, based on the robust clinical
evidencefromthisstudy.

Thepog-VEGFTKI spacehadbeenabsent,achallenge
until theresultsof the AXIStrial, led tothe approval of
Axitinibinthissetting.? Of the 723 patientsenrolledonthis
trial, 390hadrecel ved prior thergpy with Sunitinib,andin
thesepatients, Axitinibyieldedamodest benefitinPFSas
comparedwith Sorafenib (4.8versus3.4months).?
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Discussion & Conclusions

Theerstwhilerelativedearth of trestment optionsfor
MRCC hasbeentransformedintoanembarrassment of
theriches, owingtoour muchimprovedunderstanding of
thevariousetiopathogeneticagnd transductionpathways
and targetsin mRCC. Asmany as 7 new agents for
MRCC have been approved in less than a decade.
However, therapy withthesetargeted agentsisrarely
curative, andthergpeuticres stanceiscommon; therefore,
patientsoftenhavetorely onmultiplelinesof therapy for
asustainedclinical benefit.?

Inthefirst-line(treatment-naive) setting, Pazopanib
appearsto represent acontemporary thinking with a
better tol erability profileand non-inferior efficacy as
comparedtheclassical provenoptionof Sunitinib. Inthe
cytokine-pretreated setting, Axitinib appearstobethe
most effectiveagent, withamedian PFSof 12.1months.
In the VEGFR-TKI setting, the PFS estimates from
AXIS and RECORD-1 appear to be somewhat
comparable. However, itiscritical tobearinmindthat
53% of patientsenrolledin RECORD-1 hadreceived
prior immunotherapy inadditionto prior VEGFR-
TKI; theseresultsgiveapauseininterpretingthedlight
numerical advantagein PFSobserved with Axitinib
therapy in this subgroup.*AXIS thus provides
compellingrational efor theuseof Axitinibinthesetting
of cytokine-refractorydisease. Inthecontext of disease
refractory toV EGF-directedtherapy, however, itisnot
clear that Axitinib yieldsmeaningful benefit beyond
existingsecond-lineoptions, suchasEverolimus, which
remains the recommended standard of care in the
VEGFR-TKI faluresetting. Head-to-head comparative
trial sbetween these agentsare warranted to enable a
clear mandateonthesuperiority of oneagent over the
otherineach of thesesettings.

Incaseof MRCC progression beyond second-line
therapy, currently, thereexistsnolevel 1evidencefor
any targeted agent, although Dovitinib* isbeing studied
inaPhaselll trial inthissetting. However, inclinical
practice, reintroduction of aVEGFR-TKI following
diseaseprogressiononaVEGFR-TKI andanmTOR
inhibitor isincreasingly being applied, based on the
sparsedataavailable.”!

The advent of many targeted agents and ongoing
research on many moreisanticipatedto significantly
improvetheprognosisof MRCC. However, thereremain
many unansweredquestions, includingtherol eof adjuvant
therapy, theoptimal timing of nephrectomy, sequential

versus combination therapy, the exact sequence of
targeted agents, right therapy for patientswith specific
comorbid conditions, etc. Inthefuture, theclinician’s
priority wouldbetheoptimal identificationandgpplication
of targeted agentsto bal ancetheclinical tumor response
withtheQoL of thepatient. Ongoingstudiesontargeted
agentsin mRCC will provide insights into the most
optimal management approachesformRCCandfurther
enhancesurviva inthesepatients.
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PERSPECTIVE

MOLECULAR BIOLOGY OF RENAL
CANCERS

Rend cell carcinoma(RCC) representsapproximately
85%0f theneopl asmsthat ariseinadultkidneys. Although
RCCmostly occursinasporadicform, severd inherited
RCC syndromes and familial RCC cases have been
reported. Around 4% are associated with hereditary
cancer syndromes(1).Despitetheir rarity, thesehave
provided important insights into the molecular
pathogenes sof thistumor. Thecloningof susceptibility
genesthat areinvolvedinfamilial predispositionhas
offeredentry pointsintothesignalingpathwaysthat are
deregulated in sporadic RCC. Sporadic RCC also
harbor similar mol ecul ar aberrationsasfamilial RCC
withadifferencethat they areinsomaticcellsandlater
areingermcells, whicharepassedtothefamilies. The
tablebel ow givesabroad overview of thetumor types
withtheir geneticand syndromicrel ationships.

Non-Familial (Sporadic) RCC

Conventional RCC: Chromosome 3 Connection:
Many chromosome3trand ocationshavebeenreported
infamilial aswell assporadic cases. Through loss of
heterozygosity (L OH) studiesinsporadicRCCs; three
maincommonregionsof alleliclosscoul d bedefined:
3p12-14, 3p21-22, and 3p25-26. Chromosometransfer
studiesreved edthat 3p12—14 sequencescoul d suppress
tumorigenicpropertiesof RCC-derivedcell lines, thus
implyingthepresenceinthisregionof agene(s) involved
intumor devel opment. Similar resultswereobtainedfor
the3p21region. Thethird tumor suppressor regionon

3pis3p25-26. Themost relevant RCC-related gene
withinthisregionistheVonHippe Lindau(VHL) gene.

VHL: A Classical Tumor Suppressor Gene: AS
proposed by K nudson’ stwo-hit mode, inactivation of

the VHL gene was observed in 100% of the tumors
anadyzedinVHL familiesandinasignificant proportion
of sporadic conventional RCCs (2). Moreover,

trandfectiongtudieswiththewild-typeVHL genereveded
suppressionof growthinbothVHL -deficient RCCcell

linesandinVVHL-null RCC cells, thussupporting the
tumor suppressor functionof thisgene. Severa signaling
pathwaysappear tobeinvolved, oneof which pointsto
aroleof pVHL inproteindegradationandangiogenesis.

The apha domain of pVHL forms a complex with
elonginB,donginC, Cul-2andRbx1, whichhasubiquitin
ligaseactivity, thereby targeting cellular proteinsfor
ubiquitinizationand proteasomemediated degradation.

Thedomainof theVHL geneinvolvedinthebindingto
eonginisfrequently mutatedinVHL -associaiedneoplasms

Thebeta-domainof pVHL interactswiththed phasubunits
of hypoxiarinduciblefactor 1 (HIF-1) which mediates
cdllular responsestohypoxia. Under normaoxicconditions,

thebetasubunit of HIFishydroxylated onto oneof two
prolineres dues. Bindingof thehydroxylatedsubunitpVHL

causespolyubiquitinationandthereby targetsHIF-al pha
for proteasomedegradation. Under hypoxicconditions
or in the absence of functional VHL, HIF-alpha
accumul atesand activatesthetranscription of hypoxia
induciblegenes, includingvascular endothelial growth
factor (VEGF), platel et-derived growthfactor (PDGF-
), transforming growth factor (TGF-a) and
erythropoietin (EPO). VEGF has been targeted asa
nove therapeuticapproachus ngneutrdizinganti-VEGF
antibody.Therearestudiesthat suggest that pVHL is
involvedinthecontrol of cell cycleexit,i.e. thetransition

Table: Tumor Types with Their Genetic and Syndromic Relationships

Tumor type Locus Gene Pathway Syndrome
3p25 VHL VEGE TGE - vonHippel-Lindau Familial clear
Clear cell 3pl4 3p21 17pll  |FHIT RASSF1A BHD AMPK - mT[(sz cell RCC Birt - Hogg-Dube
- Hereditary papillary RCC,
il 1 5 |7a31.1 9g34 16p13 IMET FH FRA7G TSC1 MET - HGF Hereditary leiomatosis Tuberous
Papillary type 1 type 1925 TSC2 HRPT2 VEGF TGF-3 sclerosis complex
mTOR mTOR Hyperparathyroidism - jaw tumor
Chromophobe 17pl1 BHD AMPK - mTOR Birt-Hogg-Dube
AMPK-mTOR |Birt-Hogg-Dube Tuberous
Oncocytoma 17p11 9934 16p13 |BHD TSC1 TSC2 MTORMTOR complex Tuberous
Collecting duct -1932, -6, -8p, -9p, -
carcinoma 130~ 19932, -21q UNKOWN Unknown none
Renal carcinoma PSF-TFE3 PRCC-TFE3
associated with Xp11.2 | 8% -9, -110, +120, |7 o " TEE3 ASPL-TFE3| None none
translocation +16q+17, +20q NonO - TFE3
Mucinous tubular and  |-8p, -9p, -11q, +12q,
spindle cell carcinoma |+16g+17, +20q Unknown Unknown Unknown

11




CANCER NEWS

JUNE 2013

a VHL Complex
Disrupted

HIF 1+ HIF2 il
; 1 1IF: -1 ! U

VEGF
AY
©@06 06 0
SN SN S AN
ofoofolofololo]

Autocrine Growth Stimulation

Anglogenesis Glucose Transport

Figure A. VHL gene mutation allows accumulation of HIF,
which causes activation of downstream pathways for
angiogenesis, glucose transport, and growth.

from the G, into quiescent G phase, possibly by
preventingaccumul ationof thecyclin- dependent kinase
inhibitor p27(4). Another study showed that only wild-
typebut nottumor derived pV HL bindstofibronectin(5).
Asaconsequence, VHL-/-RCCcdlsshowedadefective
assembly of anextracdlular fibronectinmatrix. Through
adown-regul ationof theresponseof cellstohepatocyte
growthfactor/ scatter factor and reduced|evel sof tissue
inhibitor of metalloproteinase 2 (TIMP-2), pVHL
deficienttumor cdllsexhibitasignificantly higher capacity
forinvason.

Other Candidate Genes on 3p: M any associ ationsof
RCC have been seen with 3p.The tumor suppressor
gene on 3p12-14 ,RASSF1A showing silencing by
hypermethylation, transforminggrowthfactor—btypell
receptor , TGE-a, DRR1,0GG1 areshowntobedown
regulatedinRCC(6).

Papillary RCC: An Impaired Mitotic Checkpoint:
Inpapillary RCCs,acombinationof gainof chromosomes
7 and 17 and loss of the Y chromosome have been
found. Inaddition, t(X;1)(p11,;921) andvariantsthereof
haverepestedly beenencounteredinasubgroupof these
tumors. Pogitiona cloningof thetrand ocationbreskpoint
revealedanin-framefusionof theTFE3geneontheX
chromosometoanove gene, PRCC, onchromosomel.
Thein-framefusonresultsintwofusongenes TFE3PRCC
and PRCCTFES, which are both expressed int(X;1)-
positivetumor cells. Theseleadto mitotic checkpoint
defectthroughinterferencewithMAD2B binding. (1)

Familial RCC

Clear Cell Carcinoma (VHL Gene): ThevonHippel-
Lindau (VHL) diseaseisinheritedthroughanautosomal

dominanttraitandischaracterized by thedevel opment
of capillary haemangioblastomasof thecentral nervous
system and retina, clear cell renal carcinoma,
phaeochromocytoma, pancreaticandinnereartumors.
Thesyndromeiscaused by germlinemutationsof theVHL
tumor suppressor gene, | ocated onchromosome3p25-26.
Thegenehasal ready beendecribed.

Hereditary Papillary Renal Carcinoma (HPRC)

Definition: Hereditary papillary rend carcinoma(HPRC)
isaninherited tumor syndromecharacterizedwithan
autosomal dominanttrait, and by lateonset, multiple,
bilateral papillary renal cell tumorsof type 1 and no
documented extrarena manifestations.MET oncogene
Isrespons blefor thedi sease, whichmapstochromosome
7031. MET codes for a receptor tyrosine kinase.
Furthermore, nutrient-stimulated HGF-MET signaling
inducesphosphorylation of serine-threonineprotein
kinase 11 (STK11or LKB1) through the RAS-ERK
pathway, implicating MET in the LKB1-AMPK—
mMTOR nutrient and energy sensing pathway. Of
particular interest for renal carcinogenesis is the
observationthat MET and VVHL signaling pathways
intersectviapV HL-mediated regul ationof HI Ffunction.
HIFstabilizationthroughhypoxiaor lossof VHL function
resultsin transcriptional upregulation, and therefore
promotion of thetransforming potential of thec-MET
receptor . This crosstalk between VHL and c-MET
pathways may explain why clear-cell and papillary
hi stol ogiesoften coexistinthesametumor (7).

Hereditary Leiomyomatosis and Renal Cell Cancer
(HLRCC)

Definition: Hereditary |leiomyomatosisandrenal cell
cancer isanautosomal dominanttumor syndromecauised
by germlinemutationsintheFH gene. Itischaracterized
by predispositiontobenignleiomyomasof theskinand
theuterus. Predispositiontorenal cell carcinomaand
uterinelelomyosarcomaispresentinasubset of families.

Genetics: HLRCCharboursFH mutation, whichcauses
FH deficiency. It is a recessive disease caused by
bialdicgermline.FH islocatedinchromosomelg42.3-
043, cons stsof 10exons, andencodesa511aminoacid
peptide. Mitochondrial FH actsinthetricarboxylicacid
(Krebs) cyclecatayzingconversonof fumaratetoma ate.
Inpatientswith FH deficient cells, it hasbeen proposed
that the inactivation of this enzyme might lead to a
hypoxicenvironmentthat canfavour rend carcinogenesis.
FH inactivatingmutationsincreasefumaratelevels, and

12




CANCER NEWS

JUNE 2013

Oygen sensing

Iron sensing

Figure B. HGF-MET pathway. Crosslinks between other
energy, iron and Oxygen—sensing pathways.
consequently the concentration of the fumarate
precursor succinate. Thehighlevel sof succinateinthe
cytoplasmleadto stabilization of HIF-1% subunits
andtranscriptional upregul ation of hypoxia-inducible
genes, suchasVEGFand GLUT1. Thus, thesefactors
arecritically important toincreasevascul atureand
glucosetransportin RCC cells, thereby contributing
tothehighly aggressivenatureof HLRCC-associated

renal tumors.

Birt-Hogg-Dubé Syndrome (BHD)

Definition: Birt-Hogg-Dubé (BHD) syndromeis a
syndrome characterized by benign skin tumors,
specifically fibrofolliculomas, trichodiscomas and
acrochordonsover neck andfaceinthethird or fourth
decadeof life. Multiplerenal tumorsresemblingmainly
chromophobeand clear cell renal carcinomaandrenal
oncocytomsare seen. Spontaneous pneumothoraces
arealsofrequentinpatientswithBHD syndrome.The
ageat clinical manifestationisapproximately 50years
andthemeannumber of tumorspresentis5 per patient.
M etastati cdiseaseisrareand appearstooccur only if the
primary tumor hasadiameter of >3cm.

Genetics: BHD syndromeisarareautosomal dominant
conditionwithincompletepenetrance. TheBHD gene
maps to chromosome 17p11.2. It codes for a novel
protein called folliculin whose function is unknown
currently. Affected family memberstypically show
frameshift mutations, ieinsertions, stopcodons, de etions.
A mutational hot spot present in more than 40% of
familieswasidentifiedinatract of 8 cytosines. LOH
andysesandassessment of promoter methylationindicate
that BHD isal soinvolvedinthedevel opment of abroad
spectrumof sporadicrenal cancers(7).

Familial Chromosome 3: The trandocations are
different butinall familiesthebreakpointsmaptothe
proximal p-and g-arms of chromosome 3. Affected
family members carry a balanced chromosomal
trangl ocation involving chromosome 3. The mode of
inheritanceisautosomal dominant. Trand ocationsvary
amongdifferentfamiliesandthismay affect penetrance.
L ossof thederivativechromosome 3throughgenetic
ingtability iscons deredthefirst stepintumor devel opment,
resultinginasinglecopy of VHL. TheremainingVHL
copy may then be mutated or otherwise inactivated.
However, thismechanisminvolvingVHL ishypothetica,
asaffectedfamily membersdonot devel op extrarenal
neoplasmsor other VHL manifestations.
Summary

Molecular geneticanays sof familial andnon-familid
cases of conventional renal cell carcinoma (RCC)
revealedacritical role(s) for multiplegenesonhuman
chromosome 3. For some of these genes, e.g. VHL,
such arole has been firmly established, whereasfor
others, definiteconfirmationisstill pending. Additiondly,
a novel role for constitutional chromosome 3
tranglocations as risk factors for conventional RCC
developmentisrapidly emerging. Also, severd candidate
loci have been mapped to other chromosomesinboth
familial and non-familial RCCsof distinct histologic
subtypes. TheMET geneonchromosome?7, forexample,
wasfoundtobeinvolvedinbothformsof papillary RCC.
A PRCC-TFE3fusiongeneistypically encounteredin
t(X;1)-pogitivenon-familial papillary RCCsandresults
inabrogationof thecell cyclemitoticspindlecheckpoint
inadominant-negativefashion, thusleadingtoRCC.
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NEW TECHNOLOGIES

Alternative to Biopsy

Combiningpositronemissiontomography/computed
tomography (PET/CT) scanningwithiodine-124 (*#4)-
girentuximab offersaneffectivenoninvasvemethodto
diagnose clear cell renal cell carcinoma (ccRCC) in
patientswho present witharenal mass, suggested by a
study at ColumbiaUniversity, USA. Thiswasan open-
label multicenter study of 24l—girentuximab plusPET/
CT involving 195 patients who were planned for
resection. 2*|—girentuximabwaswel | tolerated by a| the
patients. *24—girentuximab-PET/CT identified the
presenceof ccRCC with amean sensitivity of 86.2%
(95%Cl, 75.3%1097.1%) whiletheuseof radioactive
antibodyin combinationwithCECT showedaggnificantly
lower mean diagnostic sensitivity of 75.5% (95%Cl,
62.6%1088.4%). Thestudy representsthefirstclinical
validationof amolecularimagingmarker for malignancy.
Thenewmethodcanaccurately andnoninvas velyidentify
ccRCC, with potential utility for designing the best
management approachesfor patientswithrenal masses.

(J Clin Oncol, Jan 10, 2013)
Biomarkers for Early Detection of Kidney Cancer

A new immunoassay that tests for the presence
of nicotinamideN-methyltransferase(NNMT), L-plastin
(LCP1), and nonmetastatic cells1 protein (NM23A)
may beaneffectivemethodfor early detectionof maignant
kidney cancer, accordingtoastudy conductedat Y onsel
University Health Systemin Seoul, Korea A total of 189
participants were divided into two cohorts; control
groupincludinghealthy andbenigntumors(n =102) and
thetest group of patientswith kidney cancer (n =87).
Theconcentrationsof NNMT, LCP1Land NM23A in
plasmasamplesinall participantsweremeasured and
foundtobe highly elevatedin patientswithkidney cancer
in contrast to individuas in the control group. For
example, themedianlevel of NNMT concentrationin
healthy controlswas68 pg/mL comparedwith420pg/
mL cancer in patients. The resultsindicated that the
Immunoassay washighly accurateasitcorrectly identified
94.4% of thesampl esfromkidney cancer patients. The
compositeassay isapromisingnove serummarker assay
fortheearly detectionof maignantkidney tumorscovering
subtypesof RCCwithhighdiagnosticcharacteristics,

(ScienceDaily, Mar 11, 2013)

New Prognostic Marker

Researchersat theUniversity of Toronto, Canada,
havefoundthechromatinmodelinggeneARID1A (AT-
richinteractivedomain- containingprotein 1A) asanew
prognostic marker in clear cell renal cell carcinoma
(ccRCC). ARID1A isamember of SW1/SNF (switch/
sucrosenonfermentable) family andhasbeenfoundtobe
down-regulated frequently in ccRCC. The
immunohistochemistry (IHC) resultsshowedthat 67%
of ccRCC had significantly lower expression of
BAP250a, thecorrespondingproteinof geneARID1A.
Simultaneoudly, insilicomRNA expressionanalysison
404 ccRCC tumors and 167 normal kidney cortex
samples using publicly available databases was
performed and it confirmed the significant down-
regulation of ARID1A in 68.8% of patients. The
decreased BAF250a protein, ARID1A and mRNA
expressionwereal so correl ated with tumor stageand
grade. BAF250retai neditsprognosticsignificanceeven
after controllingfor other confoundersinthemultivariate
analysis. BAF250alHCiseasy toperformandcouldbe
incorporated in laboratory practice to enhance the
accuracy of existingprognosticmodels. Thestudy results
indicatethat bothproteinandmRNA levelsof ARID1A
aredatisticaly sgnificant prognosticmarkersfor ccRCC.

(Am J Pathol, Apr 2013)

Sunitinib Beneficial for Renal Cell Carcinoma
Patients

The findings of a study show that patients with
metastaticrenal cell carcinomadidnot haveacce erated
tumor growthafter treetmentwithsunitinibincomparison
to some study resultsin animals. The data from the
pivotal phasel Il tria comparingsunitinibwithinterferon
afainpatientswithmetastaticrend cell carcinomawas
analyzed. Using a novel methodology for assessing
efficacy, itwasobservedthat sunitinibwasnot harmful,
didnotacce eratetumor growthandshortenthesurvival.
Moreover, neither longer sunitinibtreatmentandnor a
greater effect of sunitinibontumorsreducedthesurvival
of metastatic renal cell carcinomapatients. Thedrug
reduced tumor’ s growth rate and improved survival
without appearingtonegatively ater tumor biology after
discontinuation. Theresultsconcl udethat concernsarisng
fromanimal model sdonot apply to patientsreceiving
sunitinibandlikewisewill not apply to patientsusing
smilaragents.

(Cell Reports, Feb 7, 2013)
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CLINICAL TRIAL

Axitinib versus Sorafenib as Second-Line

Treatment

A phaselll clinicdl trial wasconductedat Memorial
Solan-Kettring Cancer Center tocomparetheefficacy
and safety of axitinibversussorafenibasasecond-line
trestment for metastaticrenal cell carcinoma(mRCC).
Researchers enrolled 723 patients randomly and
digtributedthem (1:1) torecaiveaxitinib(5mgtwicedaily
n = 361) or sorafenib (400 mg twice daily n = 362).
Primary end-pointwasprogressionfreesurvival (PFS).
Basdlinecharacters csanddevel opment of hypertension
ontreatmment wereconsidered asprognosticfactors.
Findingsreved edthat medianoverall survival (OS) was
20.2monthsand PFS8.3 monthswithaxitiniband OS
was 19.2 and PFSwas5.7 monthswith sorafenib.Ina
post-hoc 12week landmark analysis, median overall
survival waslonger in patientswithdiastolic pressure
of 90 mm Hg or greater than in thosewith diastolic
pressure less than 90 mm Hg in both the arms.
Adverseeventsin both groupswere hypertension,
diarrohea, fatigue, andhand-footsyndrome. Thesefindings
show that axitinib is a better treatment option as a
second-linetreatment for patientswithmRCC.

(Lancet Oncol, May 2013)
Everolimus in Metastatic Renal Cell Carinoma

A multicentricnon-interventiona study wasdonein
Germany to evaluate the response of Everolimusin
metastaticrenal cell carcinoma(mRCC) patientsafter
failureof initial vascular endothelial growthfactor
receptor- tyrosine kinase inhibitor (VEGFr-TKI).
Primary end-point waseffectiveness, defined astimeto
progression. Study documented recordsof 382 patients,
thoughforanalysis, 196 patientswereincluded. Patients
withprevioustreatment withV EGF targeted therapy
for less then 6 months showed median time to
progression (TTP) as 6.6 months, whereas patients
whoreceiveditfor morethan 6 months, TTPwas7.4
months. Intheefficacy popul ation(n=165) medianTTP
was7.0months. Adverseeventsweredysphnea(14%)
and anemia (13%). Overall results showed that
Everolimusisvery effectiveand hasshownextremely
toleranceamong patients.

(Oncologie, Feb, 2013)

Foretinib for Papillary Renal Cell Carinoma

Researchers at Dana-Farber Cancer Institute
performed phase1 trial to evaluate the efficacy and
safety of foretinibinpapillary rend cdll carcinoma(PRCC).
Foretinibisanora multikinaseinhibitor targetingvarious
receptorsincluding MET (Hepatocyte growth factor
receptor) whichhasshownmutationsor amplificationin
patientswith PRCC. Total 74 patientswereenroledin
thestudy andweredividedonthebasi sof MET pathway
activationintwo cohortswith 37 patientsineachgroup.
Cohort A received 240 mg once per day on day 1
through 5 every 14 daysand cohort B received 80 mg
daily. Theprimary end-pointwasoverall responserate
(ORR). According totheresults, MET mutationwas
highly predictive of response. ORR wasfound to be
13.5% and median progressionfree-survival was9.3
monthsasper theresponseevaluationcriteriainsolid
tumors1.0. Adverseeventswerefatigue, hypertension,
gadtrointestingl toxicitiesand non-fatal pulmonary emboli.
Throughthisstudy, it wasconcludedthat fortenibhas
highresponseratewithvery lesstoxicity in patientsof
PRCCwithgermlinemutation.

(J Clin Oncol, Jan 2013)

Peptide Vaccine for Metastatic Renal Cell
Carcinoma

For the treatment of renal cell carcinoma (RCC)
primeareaof researchisvaccinationtherapy asRCCis
oneof themostimmunoresponsivecancer. A phasel,
non-randmos ed, open-label clinical trial wasconducted
at Kinki University, Japan, to evaluate the safety of
vascular endothelia growthfactor receptor 1(VEGFRL)
peptidevaccineinmetastatic RCC patients.Datafrom
18mRCC patientswithcytokine-refractory andtyrosine
kinaseinhibitor (TKI) faliurewerecollectedwhohave
beentreatedwithV EGFR1vaccine Assessmentof dinical
outcomewasdoneusing CT scan, magnetic resonance
Imagingorwithx-ray examinationinaccordancewiththe
WHOResponseEva uationCriteriain Solid Tumors.The
primary end-point wasthesafety of vaccination. Of the
18 patients, 2 patientsshowed partial responseduring
treatment, 8 pati entshad stabledi seasefor morethan 5
monthswithamediandurationof 16.5months.Adverse
eventswerelow gradeheadache, rashes. Theseresults
suggestthat VEGFR1 peptidevaccineissafeand well
tolerated. Theobserved clinical outcomesof thepeptide
vaccinewerefoundtobevery encouraging.

(Br J Cancer, Apr 2013)
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WATCHOUT

Diagnosing and Monitoring RCC

Renal Cell Carcinoma (RCC) usually is detected
incidentally by abdomind ultrasound (US) andcomputed
tomography (CT). It is occasionally suggested by a
radioi sotope bone or renal perfusion scan. However,
thesetechniquesaretimeconsumingandexpensive. A
number of effortsarecurrently performedtocharacterize
RCC using molecular biological, cytogenetic,
immunohistochemica as well as proteome-based
techniques. Inthiscontext, many markershavebeen
eva uatedforthe r potentia useasdiagnosticor prognogtic
factors. However, asyet noneof themhasbeenvaidated
invigoroustrials. InventorsDarbouret, Brunoet al of
CézanneS.A.S., France were awarded the European
patent No. 1920256inNovember 2012. Thisinvention
relatestoahighly sensitiveandspecific invitro method
forthediagnosisof RCC based onthenew findingthat
asdlectedmetall oproteinase, namely MM P-7, and/or its
physiological precursor, pro-MMP-7, areelevatedin
body fluids, especialy serumor plasma, of RCCpatients.
Theinvention also relates to a specific ligand assay
method for the detection of MMP-7 in abody fluid
sample,i.e.theuseof MM P-7ashumoral biomarker for
RCC. In vitro method for diagnosing or monitoring
renal cell carcinoma (RCC) in a human patient by
determininginasampleof abody fluid of thepatienta
biomarker theleve of whichisindicativefor thepresence
of RCC, and associating the level of the measured
biomarker with the presence of RCC, wherein the
biomarker is the metal containing peptide matrix
metaloproteinase7 (MM P-7) and/oritspro-enzymeform
(pro-MMP-7) andisdetermineddirectly inasampleof
abody fluid sel ected from serum, plasmaand blood.

(www.patentslens.net; May 26 2013)
T-Cell Receptor Recognizing Renal Cell Carcinoma

US patent No. 8,431,690 has been assigned to
Wang, et al. of The United States of America, as
represented by the Secretary, Department of Healthand
Human Services (Washington,DC). The invention
providesanisolated or purified T-cell receptor (TCR)
having antigenicspecificity for acancer antigen, e.g.,a
rena cdll carcinomaantigen, whereintheTCRrecognizes
thecancer antigeninamaj or histocompatibility complex
(MHC)-independent manner. Alsoprovidedarerdated

polypeptides, proteins nud e cadids recombinantexpresson
vectors,isolatedhostcdlls, popul ationsof cells antibodies,
or antigen binding portionsthereof, and pharmaceutical
compositions. Theinventionfurther providesamethod of
detectingthepresenceof cancerinahost andamethod of
treatingor preventingcancer inahostusingtheinventive
TCRsor related materials.Thistechnology describesa
T-cell receptor that wascloned fromahumanimmune
cell. ThisT-cell receptor recogni zesanumber of human
kidney tumorsandisnotlimitedtousein patientswith
specific MHC types. This cell was able to kill other
kidney cancer cellsinother patients, andwhenthisT-cell
wasintroducedinto other humanimmunecells, these
cellsasoacquiredtheability tokill kidney cancer cells.
Thisinventiona sodescribesnove methodsus ngdendritic
cellstogenerateboth CD4+ and CD8+ RCC- reactive
T cellsfor useinantigenidentificationandtherapeutic
protocols. Thisisthefirstandonly cloned T-cell receptor
that recognizesamajority of humankidney tumors.

(www.uspto.org; Apr25 2013)
Treatment of Renal Cell Carcinoma

Inventors Jenny Nystrom, Rosengatan et al of
ONCORENA, Sweden, have been awarded the
European Patent No. 2 349 268 on 16" March 2013.
Cancer inthekidney constitutesabout 3% of all solid
tumors. About 85% of renal tumorsare classified as
renal cell carcinoma (RCC). Approximately 80% of
diagnosed RCCoriginatefromtheepithelia cellslining
theproximal partsof thekidneys' urine-formingducts,
thetubuli. Duetoitsappearanceunder themicroscope,
this cancer type is known as either renal clear cell
carcinoma(RCCC, 65%) or rend papillary cdl carcinoma
(RPCC, 15%). While RCCC and RPCC constitute
80% of diagnosed RCC, they areresponsiblefor close
t0 100% of the deathsfrom renal cell carcinoma.The
presentinventionrelatesgenerally tocancer treatment.
More specifically thisinvention relates to the use of
3,3,4,4'-tetrahydroxy-2,2'-bipyridine-N,N’ -dioxides,
for thetreatment of renal cancer, particularly renal cell
carcinomaoriginatingfromrenal proximal tubular cells.

It providespharmaceutical compositionscomprising
pyridine-N-oxide and bipyridine-N,N-dioxide
compoundsfor trestingrenal cancer by administeringthe
pharmaceutical compositionstoapatient sufferingfrom
or susceptibletorena cancer. Theinventionhereinal so
includes akit for treating a patient suffering from or
susceptibletorenal cancer.

(www.patentslens.net; May 10 2013)
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GLOBE SCAN

Dyslipidemia and Renal Cell Carcinoma

Abnormal serumlipidprofilesareassociatedwiththe
risk of somecancers, but thedirectionand magnitudeof
theassociationwithrena cell carcinomaisunclear. The
authorsexploretherelationship between serumlipids
and renal cell carcinomaviaamatched case-control
study. Cases(n=248) wereinpatientswithaprimary
diagnosi sof rend cdll carcinoma, confirmed by pathol ogy
after operations. Control sweresampledfromacommunity
survey databasematched onageandgender with cases, 2
controlsforeachcase. Stratified Cox proportional hazard
regressionanalys swasusedtoobtainhazardratiosand
corresponding 95% confidenceinterval sof lipidslevel
and dyslipidemiafor therisk of rena cell carcinoma.
Elevated serumcholesterol (p<0.001), LDL cholesterol
(p<0.001), and HDL cholesterol (p = 0.003) are
associatedwithdecreasedhazard of rend cell carcinoma,
adjustingfor obesity, smoke, hypertensionanddiabetes.
Thisstudy indicatesthat abnormal lipidprofileinfluences
therisk of renal cell carcinoma

(China; Plos One, Mar 2013)
Small Kidney Tumors

Small kidney tumorshaveanaggressivepotential and
should be treated, according to theresults of alarge
multicentrestudy. Theaim of thislargeretrospective
multi-centre study wasto eval uate the preval ence of
locally advancedgrowthanddistant metastasesinpatients
withsmdll renal cell carcinomasfollowingsurgery. The
Investigationincluded 2197 patientswithRCCof 4cm
or smaller in maximal tumor diameter and complete
patient and tumour specificcharacteristics. Therisk of
presenting nodal diseaseor distant metastasi sincreased
inggnificantly withrisngtumor diameter. Patientswith
nolymphaticor distant metastas sat thetimeof diagnosis
or surgery hada5-year cancer specificdeathrateof 5.8%.
5-year cancer related desthratewassignificantly higher
amongthe75patientswithnodal or distantinvolvementat
thetimeof surgery (p<0.001). Inconclusion, theauthors
Sressthat lymphnodeanddistant metastasesoccur evenin
small RCCs. Theseresultshavesignificantimplications
sncetherateof patientsdiagnosedwithsmall renal masses
Isincreas ngandnon-operativesurvelllanceprotocolsare
currently beingusadinpatientswithsmall rend tumour.

(Germany; Science Daily, Mar 16, 2013)

BK Virus and Renal Cell Carcinoma

A study was done to investigate the potential
associ ation betweenthepresenceof BK virus(BKV)
DNA andmRNA andrenal cell carcinomaand bladder
transitional cell carcinoma. Theresultsof thenested
PCRindicatedthat 23 (14.3%) of 160 sampleswere
positivefor BKV DNA. Therel ationship betweenthe
cancer andthepresenceof BKV DNA wassignificant
(P<0.05). TheBKYV DNA positivity and significantly
wasassoci ated withthehistol ogical diagnosisof renal
cell carcinoma(P=0.03), but not with that of bladder
transitional cell carcinoma. Theresultsof real-time
RT-PCR showed that mMRNA of BKV VP1 was
presentin 69.5% of theBKV DNA positivesamples.
Thelevelsof BKV mRNA weresignificantly higherin
therenal cell cancer samplesthaninthecontrol samples
(P<0.05). Theresultsof thepresent study confirmthe
association between BKV and renal cell cancer. The
findingsal soindicatedthat thepresenceof BKV DNA
resultedinafivefoldincreaseintherisk of devel opment
of renal cell carcinoma.

(Turkey; J Med Virol, Jan 2013)
Fighting Kidney Cancer

Scientists have devel oped acompound that hol ds
muchpromiseinthelaboratory infightingrena (kidney)
cancer. Named TIR-199, the compound targets the
“proteasome,” acellular complexinkidney cancer cells,
similar to the way the drug bortezomib targets and
inhibitstheproteasomeinmultiplemyelomacells. The
novel festureof thenew proteasomeinhibitor, TIR-199,
isthatitisnearly aspotent asbortezomibbutissel ective
ininhibitingthegrowth of only renal cancer cell lines.
The authors submitted TIR-199 samples to the
National Cancer Institute, wherethecompoundwas
subjectedtoarigorous60-cell screening usedroutingly
totest compoundsfor their effectivenessin battling 60
kindsof cancer, includingleukemia, lung, colon, brain,
breast, ovarian prostateandrenal cancers. Theauthors
still have to fine-tune TIR-199 in the lab because
someaspects—certain structural elementswithinit—
makeit easily metabolized,. But now that they havea
good handle on how structural changes in the
compound affect anticancer activity and how the
parent drug bindsto the proteasome, they are pretty
confident of making a better version, the second
generationof TIR-199.

(USA; ScienceDaily, Feb 19, 2013)
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ACTIVITIES OF RGCI&RC

BREASTCON-2013HIGHLIGHTS

Thefirsteverinternationa conferenceonearly breast
cancer "BREASTCON 2013'" wasorganized by the
Breast Services Department of Rajiv Gandhi Cancer
Institute & Research Centre, Delhi. Thethemeof the
conference was Emerging Trends and Future
Directions in the Management of Early Breast
Cancer. Theconferencewasheldinfull grandeur and
scientificfervour between 13- 14" April, 2013at India
Habitat Centre, L odhi Road, New Delhi.

Prof Robert Mansel, Head of Surgery, Cardiff
University School of Medicine, UK, the man who
pioneeredtheconcept sentine lymphnodeintheUnited
Kingdom and steered the ALMANAC and themuch
awaited AMAROQOStria sdelivered keynoteaddresses
ontopicsmost pertinenttol ndiatoday “ Accredition of
Breast Centres’. Theother thought provoking concept
of “Isthereafuturefor breast surgery or will it bethe
technologig?’

Prof Ismail Jatoi, Professor & Chief - Surgical
Oncology, University of Texas, SanAntonio, USA, and
a renowned breast surgeon, spoke on a contrarian
perspective of mammographic screening. He also
updated the audience on the current status and
indicationsof MR mammogramand theimplication of
ageon breast conservation.

Dr Amit Goyal, Consultant - Oncoplastic Breast
Surgeon, Roya Derby Hospital, UK, showedhisvideos
on "Therapeutic Mammoplasty' and explained the
techniqueindetail for thebenefit of theyounger surgeons.
Dr Jayant Vaidya, Consultant Surgeon, Whittington
Hospital, London, UK, introduced the concept of
intraoperativeradiationtherapy (IORT) inthesetting of
Breast Conservationemphasi zed by therecent resultsof
theTARGITtrid. DrChristineBrezdenMandey, Medicd
Oncologist from the University of Toronto, Canada,
gaveanupdateonrecent advancesontargeted therapy
inbreast cancer.

RenownedNationa Faculty fromall overthecountry
presented val uablel ndiandataonthevari ousaspectsof
management of early breast cancer. Itwasafeasttothe
mindstohear thestalwartsinthefield of breast oncology,
and to interact and argue with them to arrive at a

A i Gamhi Cancer Lnstinte
\ and Kesearch Centre

) BREASTCON 2013

EMERGING TRENDS
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Inaugural Ceremony
(Lto R:Mr Rakesh Chopra, Chairman, RGCI&RC; Mr D S Negi, CEO
RGCI&RC; Dr DC Doval, Organizing Chairman BREASTCON-
2013; Dr Kapil Kumar, Organizing Secretary, BREASTCON- 2013)

Scientific proceedings of BREASTCON- 2013)
consensuson the most burning issuesin the purest of
scientificspirit. Theconferencewastail oredto cover
recent advancesinimaging, diagnosticdilemmasinin-
situcancers, optimal imagingfor screening, diagnosis
andtrestmentplanning, roleof genomicprofilingtechniques
of breast conservationand reconstructivechallenges,
neoadjuvant strategi esto optimizebreast conservation,
and adjuvant radiation and systemic therapy in the
management of early breast cancer.

Theconferencewasattended by over 250del egates
fromall over thecountry withgreat enthusi asmandabout
50 students presented poster and oral papersin the
competitivesession. Thepanel discussions, and” Meset
theProfessor” sessionwerewell appreciated. Thus,
the conferencedrew full housesfrom the minuteit
startedtill itendedinafairy-talenoteof All’ swell that
endswell'.

(Dr Veda Padma Priya, Consultant; Dr Kapil Kumar,
Sr Consultant, Dept of Surgical Oncology)
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PERSONALIZED CANCER GENOME TEST
FROM YALE SCHOOL OF MEDICINE-NOW
AVAILABLEATRGCI&RC

Over thepast decade, sincethedecoding of thefirst
human genomein 2003, aquiet revolution hastaken
place with the recognition that molecul arly targeted
therapiesaremost effectivein patientswhosetumors
carry specificgenetic or genomicalterations. Someof
these changesin genefunction contribute directly to
neopl astic transformation and/or progression to full
malignancy, and other changesmodify thebehavior of
cellsthat havea ready becomemalignant. Many of these
changesarealterationsof DNA sequence, suchaspoint
mutations insertions, deetions amplifications inversons,
andchromosomal trand ocations.

In the personalized cancer treatment scenario,
individual mutations within tumors are assayed to
determinethelikelihood of responseor nonresponseto
specifictargeted therapies. Thisapproachtopredictive
testing has been termed 'molecular tumor profiling'.
Attentionhasshiftedtohigh-throughput testingof tumors
for dozens of predictive markers due to (a) the
development of increasing numbers of molecularly
targeteddrugs, and (b) thealterationstargeted by drugs
found predominantly in certain types of cancer (or
subtype) may befoundwithlower prevaenceinavariety
of othertumors. Overal, patient/tumor specificpredictive
marker analysi sresultsintheidentificationof amutation
specificdrugfor thepatient which hasresultedinmany
morepatientsreceivingonly thosedrugsthat areknown
towork for their kindof DNA mutation.

In collaboration with Precipio Diagnostics,
RGCI& RCand Star Health Network, Incareproudto
offer thelatest mol ecul ar tumor profilingtestsfor Lung,
Breast, Biliary Tract, Ovarian, AcuteL eukemia, Thyroid,
Melanoma, Pancress, Colorectal and Urinary Tract
cancers.Thesetests, fromtheY aleSchool of Medicine,
will be availablein the very near futureto RGCI& RC
oncologistsandthelr patients.

TheTumor ProfilingLaboratory atY le-New Haven
Hospita isaCLIA-certifiedclinica facility that performs
highthroughput genotyping analysesof tumor DNA to
predictthesengtivity or resistanceof tumorstoavariety
of anti-neoplasticdrugs. Theoveral amof thelaboratory
istoprovideoncol ogistswithdetailed mutationd profiles
of their patients’ tumorsso that treatment for patients
may beindividualy optimized.

Thelaboratory isolatesDNA from tissue samples
containingtumor cellsandanalyzesspecificsiteswithin
particul ar genesfor thepresenceor absenceof mutations.
Atotd of 69actionablemutationsin10relevantgenesare
tested. Anactionablemutationisonethatisresponsvetoa
currently gpproveddrugor anewdrugindlinica trias. For
example, innon-smdl cdl lung cancer (NSCLC), 9genes
(EGFR,KRAS ERBB2,BRAF,PIK3CA,AKT-1,MEK-
1, ALK andROS) aretested for morethan 48 actionable
mutations. The more common mutationsin EGFR and
KRA SareresponsvetoErl otiniband Gefitinibwhilethere
areclinical trialsavailable for mutationsin ERBB2,
BRAF, PIK3CA, AKT-1, MEK-1, ALK and ROS.

Noother gene/mutationpanel hasthefoll owing benefits:

» Relevance-Oncol ogistypatientsreceiveareport that
presents ONLY clinically-relevant information,
focusing solely on69actionablemutations,

» Speed-Testresultsareprovidedwithin10days,

* Efficiency—Testingismanagedthroughastagedand
reflex protocol ,ensuringthat only relevanttestsare
conducted;

» Versdtility - Diagnosisof any patient tissuefromany
typeof organ; analysisisdoneonthesmallest number
of malignantcdlls, withvirtualy nospecimenrgection.

Yale Tumor Profiling Lab- Comparative Analysis

This technology ensures that physicians receive
cong stent, quality reporting, andarecapabl eof providing
each patientwithoptimal, personalized care.

1. Adionableonlydiagnoss-andyssof mutationsproviding
guidancerdevanttopatienttreatmentplan: (i) Mutations
thatindicatearespons venesstodrugs(ii) M utationsthet
indicatealack of responsivenesstodrugs.

2. Personalized—patient-tailoredclinical trial anddrug
responsivenessinformation.

3. Expertise—diagnosis provided by MD/PhD
pathologistsfromY aeSchool of Medicine.

4. Innovative—constantly updated gene/mutation panel
asnew drugsenter themarket

About RGCI&RC and Star Health Network
Partnership

Star isaNew Y ork City based company that has
launched aglobal health network connecting centersof
excellenceintheUnited Statesto centersof need around
theworld. RGCI&RC recently signed a partnership
agreementwith Star that providesaccesstotheir network
of UShospitals, their medical expertiseand advanced
carecapabilities. Now, RGCI & RC anditsnetwork of
physicianscanoffer their patientscutting edgetesting,
accuratediagnosi sand expert opinion & consultation,
based onthemost current discovery—for every case.
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