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Lung cancer isacommonly diagnosed malignancy and oneof theleading causesof death aroundtheworld aswell asinIndia.
It accountsfor 13% (1.6 million) of thetotal cancer casesand 18% (1.4 million) of thetotal cancer deathsworldwide (2008 data).
It ismost frequently diagnosed malignancy in Indian males and the 4" most common among both the sexes. Lung cancers are
classified accordingtohistological typesandtwo broad classesarenon-small cell carcinoma(NSCL C) and small-cell carcinoma.
Thethree main subtypesof NSCL C are adenocarcinoma, squamous-cell carcinoma, and large-cell carcinoma. TheKnowledge
of NSCL C hasundergoneadramatictransformationover thelast few years. At present, theclassificationisbased ontheindividual
molecular signatures representing the mutationsinthekey genessuch asEGFR, KRAS, ALK, HER2, BRAF, or MET. It would
be unthinkable to treat such a patient without knowing the molecular signature of the tumor.

Imaging has an important role in the multidisciplinary management of primary lung cancer, and is necessary to establish
the diagnosis; localise, characterise and stage the tumor; map relevant nodal, vascular and bronchial anatomy for treatment
planning; andfor surveillanceof treatment efficacy. Computed tomography (CT) istheimaging modality of choicefor theinitial
eval uation of suspected or proven lung cancersso far. Positron emissiontomography (PET) / CT isthemost accurateimaging
modality for the staging of primary lung cancers.

Themajority of patientsare diagnosed at alocally-advanced or metastati ¢ stage, making systemic therapiesthe mainstay
of treatment. However, thedisease control achieved with classical doublet chemotherapy in advanced or metastatic non-small
cell lung cancer (NSCLC) isusually restricted toonly afew months. Targeting thedriver mutationlike epidermal growth factor
receptor (EGFR) and morerecently anaplastic lymphomakinase (ALK) have proved effectiveinthetreatment of lung cancer.
Severa novel drugs have been developed over the last few years and tested in phasel, 11, and |11 studies. A few drugs have
been approvede.gerlotinib, gefitinib, bevacizumab, crizotinib, and afatinib. Inrecent years, with growinginsightinto molecul ar
aterationsin lung cancer, tremendous efforts have been made to identify and develop newer agents.

Tobacco smoking is one of the major factors and contributor in the development of lung cancer. Hence educating to the
massesabout thebad eff ectsof tobacco and its products, andimplementati on of theeffective screening strategieswill certainly
help in preventing this cancer.
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: Thisissueof Cancer News profilesthe complexitiesand advancementsin thefield of Lung Cancer, and includesregular :
articles, suchas" Special Feature”, “ Guest Article”, “ Perspective”, “ Research & Development”,“ New Technologies’, “ Clinical

| Trias’, “Globe Scan”, “Cancer Control” “In Focus” and “ Watch-Out”. |
| We appreciate the contributions made by Dr Ramakant K Deshpande, Professor & Head-Thoracic Oncology, Asian |
| Ingtituteof Oncology, Mumbai, and Dr V anitaNoronha, A ssoci ate Professor, Department of Medical Oncology, TataMemorial |
: Hospital, Mumbai; for providing the “ Special Feature” and “Guest Article”, respectively. :
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Suggestions/ comments from the readers are welcome. Wishing our readers a Happy, Prosperous and Healthy
New Y ear 2014!

k Dr D CDovalj
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SPECIAL FEATURE

CHALLENGES IN THE MANAGEMENT OF
LOCALLY ADVANCED NON-SMALL CELL
CARCINOMA LUNG

Surgery continuesto be the main stay of curative
management of non-small cell carcinomaof lung, withan
amtoresect entirediseaseradically with prevention of
recurrences, withminimal morbidity and preferably no
mortaity withminimal longtermpulmonary debility. Its
key component is a postoperative total disease free
statusi.e post resection R-0 status or pathologically
negative highest lymph nodal station and negative
microscopic margins of resection. This task keeps
becoming moredifficult with advancinglocal sizein
aggressiveregiond disease, further complicated by the
factthat |ung cancer oftendoesnot follow thehal stedian
model of spreadinlinear fashion.

Whileloca -contiguousspreadiseasy todefineand
map by imaging, theincreasingpossibility of lymphatic
Spreed, particularly thel eftsdedspreadultimately landing
intotheright upper mediastinummakesobtaininganR-
Ostatusmoredifficult particularly whiletrestinglocally
advanced|eftlower lung disease.Co-morbidity inthe
formof chronicobstructivepulmonary disease, cardiac
debility or compromise, diabetes hypertensonandvascular
disordersmakethesurgical outcomeunpredictableand at
times unacceptable unless offered in the carefully
selected.Addedtothisisthat over 20% of suspect lung
lesionscomeinfor delayed treatment duetothefact of
having been treated presumptively for pulmonary
tubercul osi sor other presumed pulmonary infections.

Staging

L ocally advanced NSCL Cwouldencompassdisease
that hasextended beyond the boundaries of source of
local origin, but has not yet spread beyond limits of
resectability - Stagel | disease. Stagel Il accountsfor
approximately 30% of all cancer lung patientsat first
presentation with half of them having ipsilateral
mediastinal lymphnodal metastasis-N2[I11-A].

Stagelll-A hasa5year survival of 24-30%.
T2b - NO,N1,N2

T3 - NO,N1,N2

T4 - NO,N1,N2

Any TwithN2

Table: Stage III Non-Small Cell Carcinoma- Sub-sets

I A-0
I A-1

T3N1 or T4 NO without N2 involvement

Incidental nodal metastases found in post-operative
pathological specimen/Microscopic focus of disease not
detected earlier

I A-2
I A-3

Single Station Nodal metastasis

Single or multiple nodal metastasis detected pre-thoracotomy
-Mediastinoscopy/PET scan/Other biopsy

Bulky/Fixed multi station ipsilateral Mediastinal LN disease

I A-4

Thelocally advanced groupwouldalsoincludethe
non-surgical groupof Stagel11-B withabout 5-9%five
year survivalsandincludesany T withN3.Thesurgical
management for theN2 groupremainscomplicatedand
difficult duetothesheer heterogeneity of thegroupwhich
hasledtofurther subdivisionintosix substations.

Selection of Patients

Theconventional radiol ogical staginginlung cancer
oftensuffersfrommuchinaccuracy. Selectionof patients
of locally advanced carcinomalung needsvery careful
andintenseeva uationtoavoidthepitfallsof over staging
whichwill deny apatientwithpotentially curabledisease
thebenefit of radical surgery pushinghimtoanearly
death, thesecond pitfall-thoughlessdamaging couldbe
under stagingwhichcouldresultinunfruitful thoracotomy
withthemorbidity and delay further treatment. Itisthe
positionof theauthor thatitisbesttogivethebenefit of
doubt tothepatient towardspotential curethanwriting
himoff if theresultsof al investigationsareequivocal. It
canbesaidthat CT scanstagingwoulddeny oneinfive
T4 patientsof radical surgery duetoover stagingwhich
oftenareoftenareT3oreven T2bulky tumoursclosely
opposedand not actual ly infiltrating thestructuresthat
they are presumed to. Whilethewholebody PET CT
scan- amandatory investigation usedfor staging lung
cancer now, doeshel pindiagnosinglymphnoda spread
better, italsohel psinidentifying concurrent undetected
asymptomaticlesionsandgivenprognosticinformation
eliminatingupto 14% of unnecessary thoracotomies. A
simplefibreopticbronchoscopy eval uation, preferably
aided by the 3-D CT High Resolution Scan of Chest,
endo-bronchial ultrasound and angiographicstudy to
Identify vascularinvolvements, will establishtheextent of
airway andvascular infiltrationof thediseasea ongwith
distal airway statusandismandatory beforeundertaking
complex deeveresections.Inpatientswherechestwall is
involved, accurate extent of infiltration mapping is
mandatory with CT sca/MRI before surgery so asto
ensurefeasibility of R-Oresection. Marginpogtiveexasons
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Right Main bronchial lesion with collapse
donotaddtothesurvival s Prognos sinsuchpatientswoul d
dependuponthecompl etenessof excison[obtaininganR-
Ogtatus)], depthof invasionandlymphnoda status.

Surgery for T3-Chest Wall Invasion and Superior
Sulcus Tumours

Lungcancersinvolvingresectableand reconstructable
areas of body like the chest wall, diaphragm,or
medi astinum can beresected en blocto obtaindisease
freemarginsandhaveshowncong stently Syear survivas
of upto50%inN-Opatients. Suchsurgerieswill require
multi-gpecidity involvement particularly whenvertebral
bodiesareinvolvedtoensuretotal resection.

Involvement of chestwall oftenoccursinperipheral
carcinomasaccountingfor 5%of all lungcancer patients
and en bloc resection with tumour free marginsin fit
patientsisthestandard of care. Avoidanceof opening
thetumour during surgery and obtaining tumour free
marginsof sectionareof keyimportanceinthissurgery.
Theoccurrenceof postoperativepainisoftenincreased
particularly when para-vertebral resections are
undertaken. Painrdlief pastoperativelyisof greatimportance
to ensure proper breathing effort and prevention of
pulmonary complications. Resultsarebestinhandsof
experienced teams at high output centres with good
intensivecaresupportfor prolonged ventilator support.
WhileT2NO patientscan show 5year survivalsabove
70%, progressionto T3or NI/N2bringsdownsurvivals
drasticallyto25%& 10-15%. Somecentreswoul dtake
involvement of mediastinal nodesasacontra-indication
tomajor chestwall resectionssinceasurgical exercise
may not add substantially totheir fiveyear survival.

Superior sulcustumours| Pancoasts stumour] occur
intheupper |obeof thelung and being closetotheapex
of the thorax tend to involve the first/second ribs,
subclavianvesselsandlower bronchial plexustrunks

3-D imaging showing good distal run off for bronchial sleeve

leadingtothesuperior sulcussyndromes. Inlocalized
diseasegaeswithnomediagting lymphnodeinvolvement
they canbeexcised enmassewithupper lobectomy, at
times even replacing the vessel segments to obtain
diseasefreeresectionmargins. Thesurgical approach
describedby M asaokacons sting of atransverseincision
insupraclavicular areaextendinginmidlineover upper
half of sternumandthenextendingtransversely inthe
fourth interspace can open this area in a book like
fashion. Fiveyear surviva sof upto40%canbereported
infully resected patients, but only 7-9%inpatientswith
mediastinal lymphnodal disease.

Whiletumoursinvadingthediaphragmarelikely to
show cytology positiveeffusonearly intheclosureof the
diseasetakingthemintothestagelll-B ambit, alocal
infiltrationof thediaphragmwithnoeffusioncanstill be
treated radically by either primary closure or
diaphragmaticreconstructionusing dual materialsto
obtain disease free margins.Y okoi obtained a5 year
survival of 28% whenthediaphragmwasinvolvedin
T3NO patientsand 18%whenthelymphnodal stations
wereinvolved[N1/N2].

Watanabe et al. found a 43-50% 5 year survival
whendiseaseinvolved parietal pleuraaone, 39%when
thediseaseinfiltrated theskel etal musclebeyondpleura
and 15%whenribinvolvementwasidentified.LinY.T
et al obtainedanoverdl Syear surviva of 28.4%inT3NO
patientswhenchestwall hadtobeexcised, butonly 7.1%
survivaswhenlymphnoda sations]N1/N2] wereinvol ved.
Mayo clinic datashowsthat age[below 60yrsshowing
surviva supto80%] isanimportant prognosticfactor.

Central Airways- Bronchi and Vessels

Occas ondly proximd airwayslikethemainbronchi
or eventhecarinaor tracheaisinvolvedindiseasethat
may still beresectable. Parenchymasavingresections
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CT Scan showing extent of posterior wall invasion
whileadheringtoprinciplesof radicaismcanhe ppatient
retain valuable pulmonary reserve and help tolerate
adjuvant therapy better leading to better quality of
surviva apartfrombetter morbidity andmortality rates
in the immediate postoperative period. A Sleeve
|obectomy where the non-affected lobeisimplanted
back intotheproximal airway withdiseasefreemargins
confirmedcanoffersmilar survivaslikePneumonectomy.
Lymphnoda involvementandmicroscopicinvol vement
of the bronchial stump are independent prognostic
indicatorsfor such patients. Fadel eta foundanoverall
survival of 52% and mortality rate of 3%. En masse
vascular resections can be performed, at timesusing
pericardial or Dacronpatchesover vessels,thoughsuch
patients tend to do worse than only bronchial sleeve
resections. Chunwei et a obtaineda5-year survival rate
of 63% with no survivalsfor N-2 patients. In carinal
infiltrationpatientsaclassica Grillosurgery will offera
feasibility of radicality and 5-year survivalsupto 40%.
Variousseriesreportlocal recurrenceratesof 20-30%
depending upon lymph nodal statusand microscopic
invasionof thebronchia stump.

Vascular/Vertebral Body Resections for T4 Tumours

Whilesurgeonsworldwidecontinuergoicingwith
occas ond reportsof long-termsurviva sfromextended
R-0 resections for lung cancer involving superior
venacava, aorta, esophagusor vertebral body, thereis
no consi stent dataadequatefor largeanalysis. Aortic
andesophagesal invas onsby T41ung cancer amountsto
thepoorest prognosticindicator whereaslocal excisable
invasion of pulmonary artery or even left atrium is
resectablewith5-year surviva sof upto30%. Infiltrations
of lessthan2cmsintrapara-cardia involvementscanbe
resectedwithnegativemarginsandsafevascular closure
attimeswarranting vascul ar patches. Itisbesttoavoid
complex reconstructionsrequiring cardio pulmonary
bypass for NSCLC though technically feasible.
Replacementsof segmentsof superior venacavaor aorta

Table: S Year survivals-Post-surgery

Author Year |No. | Morbidity | Mortality |5 year survivals
Watanabe et al 1991 | 42 NA NA 43
Albertrucci et a 1992 | 37 NA NA 30
Pitz et a 1996 |125 NA 83 29
Downy et al 1999 |175 NA 4 32
Magdaleinat et al | 2001 |201 NA 7 24
Faccido et al 2001 |105 19 0 61

Table: Carinal Resection-Survival Data

Author
Tsuchiya et al
Maedaet al
Roviaro et al

Dartevelle and
Machiarini et al
Mitchelle et al

Porhanov

No.
20
42
49
60

Year
1997
1993
1994
1996

Morbidity
40

Mortality
15
15

10 8

11

5 year survival
59 [2 yr. survival]
NA
25
40

1999
2002

143
231

39
35

13
18

42
25

Table: Sleeve Resection-5 Year Survival Data-

Stage Wise
Author Surgery No. Stage I | Stage II | Stage III
Tedder et al Sleeve lobectomy 1915 63 37 21
Watanabe et a | Sleeve lobectomy 104 79 55 30
Mehran et al Sleeve lobectomy 142 57 46 0

Okada et al

Pneumonectomy

60

42

16

to achieve R-0 resection are compatible with 5 year
survival ratesof 20%aongwithacceptably lowmortaity
rate. Fukuseet al hasreported a31%of 5-year survival
rate(N=15) for combined pulmonary andaorticresection.
Bobioreportedal0%>5-year survival ratefor combined
pulmonary and|eftatrial resection. Total vertebral Body
resectionsfor T4tumoursinmulti-disciplinary settingcan
improvea5-year survival ratesupto 15%.

Whileeva uatingthepatientsfor mediastind invason/
carina infiltrationthefeasibility of completeresection
with airway reconstruction can only be determined
accurately by apre-operative Bronchoscopy doneby
theoperating surgeonhimself soasto obtainadequate
diseasefreemargin. Mediastinoscopy isa sopreferable
to rule out N2 disease as well as to obtain direct
examination of proximal extent of tumour distal tothe
alrway —atreacherousbut not uncommonoccurrenceto
distinguish between T3 and T4 disease, determine
resectability andinitiatemobilisationof tissueplanes. A
much earlier M ediastinoscopy canat timescomplicate
reconstruction procedures due to adhesions.
Adenocarcinomas has a propensity of sub-mucous
spread and hencehastobecareful ly eval uated by post-
operative investigations aswell as operative Frozen

5
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Table: Superior Vena Cava Resection - 5 Year

Survival Data
Author Year No. | Morbidity |Mortality | 5 year survival
Thomaset al 1994 15 20 7 24
Dartevelle et a 1995 14 21 7 31
Spaggiari et a 2000 | 25 36 12 29
Spaggiari et a 2002 | 109 39 14 15
Spaggiari et al 2004 | 15 23 14 57 [3yr]

Sectionstudy, asapositivemarginisonly self-defeating
forthesurgeon. S eeveResectionprovidesatota proximal
tensionfreemarginasthedistal bronchusisavailablefor
anastomosis apart from the lung conservation.
Anastomosingtheresected proximal |eft mainbronchus
canattimesbevery difficult duetotheoverhang of the
aorticarchandsuchresectionsmay warrantalaryngeal
dropintheneck aswell asaposterior approachtothe
major airway. Often aS|eeve Resectionisamatter of
feasibility onthetableandit may beprudent at timesto
back out of resectionif SleeveResectionisnotfeasible
duetoextrabronchia spreadrather thantoforgeahead
with aPneumonectomy resulting into apulmonary
cripple. Theprognosiswith T3, T4les onsof themajor
airway will entirely depend upon completeness of
resection—favourablewithsinglerather thanmultiple
involved structures and node activity. Incomplete
resectionsprovidenosurvival benefitandhavevery high
costintheformof morbidity andmortality.

Neoadjuvant Chemotherapy/Chemo-Radiation
Therapy for T3/T4 Tumours

Inductiontherapy hascometostay for Stagel 1A N2
disease, itbeing offeredtocontrol thepresumedmicro-
metastasestoimprovemediananddiseasefreesurviva
aswell asimprovethepossibility of radical resectionby
better|ocal control. Whether thisresultsintoal ower redical
resectionisanunclear prospective. Inductiontherapy for
superior sulcustumours(T3and T4) hasshowna4-year
surviva by Martinez—Mongeto be 56%. Rusheet al
showeda5-year surviva rateof 55%whileWright et al
showeda5-year survival rateof 84%. Inductiontherapy
does seem to increase post-operative morbidity by
virtueof prolonged needfor ventilation, infectionsetc.

Conclusions

Aslongasthelocally advancedlung cancer remains
gtill withinconfinesof surgery withfeasi bility of obtaining
diseasefreemargins, resectionremainsthebest choice
infitpatients- particularly theyoung. A completedecison

Broncho-vascular sleeve resection

on mere radiological evaluation is best avoided and
shouldawayshesupplemented by further eval uationby
virtue of Mediastinoscopy, Fibre optic Flexible
Bronchoscopy, Bronchid Ultrasonography, WholeBody
PET/CT ScanandDigital Angiography asapplicableto
assesstheextent of thediseaseanditsresectability. Such
resectionsarebest conducted by multi-disciplinary teams
capabl eof undertaking bronchial andreconstruction,
vascul ar resectionand reconstruction, vertebral body
andchestwall excis onandreconsruction. Completeness
of resection by obtai ning di seasefreemargins, depth of
invasionandlymphnodeinvolvement statuscontinueto
betheprimary prognosticfactorsforlocal control aswell
as5-year survivals. Successful broncho-vascular Plasty
can reduce operative morbidity and mortality and by
virtueof lung conservationimprovelong-termquality
andfunctionof life. Tota excisablelungcancerinvolving
even the left atrium, pulmonary artery and superior
venacavacanyield5-year survival ratesof upto 30%.
Whileneo-adjuvant/ adjuvant therapiesareattractive
optionstheirroleinimprovingoverall surviva continues
tobedebating.

(Dr Ramakant K Deshpande, Professor & Head-Thoracic
Oncology, Asian Institute of Oncology, Mumbai)
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GUEST ARTICLE

TARGETED THERAPIES INLUNG CANCER:
NEWDEVELOPMENTS

Background/ Introduction

Inthepast decadeandahalf, thetherapy of nonsmall
cell lungcancer (NSCL C) hasundergonearemarkable
revolution. Themainreasonisthat NSCL Ctherapy has
transformedfromanempiric,“ onesizefitsall” approach
inwhich, regardlessof thehistopathol ogy of theNSCL C,
the chemotherapy regimen prescribed would be the
same, to the present era in which, not only is the
histopathol ogy extremely important, butinadditionthe
molecular profiledeterminestheplanof therapy. Severa
driver mutationshavebeenidentified, and agentshave
beendevel opedthat target thesedriver mutations. Most
of thenewer targetedtherapieswork inadenocarcinoma
NSCL Chistology or what isnowadaysknownasnon-
sguamouscel | histology; newer therapiesfor squamous
cell NSCL C havebeen slower to makean appearance.

The molecular targeted therapies can be classified
as follows:

1) Epiderma growthfactor receptor (EGFR)inhibitors:
a) Ord tyrosinekinaseinhibitors(TKIs)
(i) 1*generationord TKIs-GefitinibandErlotinib
(i) 2@ generationirreversbleord TKIs-Afatinib,
Dacomitinib
b) Monoclonal antibodies: Cetuximab
2) Vascular epidermd growthfactor (VEGF)inhibitors:
Bevacizumeb
3) EML4-Alk1inhibitors: Crizotinib
4) Newerdrugs

1) Epidermal Growth Factor (EGFR) Inhibitors
a) Oral tyrosine kinase inhibitors (TKIs)

First generation oral TKIs: Theoral tyrosinekinase
EGFRinhibitors, Gefitiniband Erlotinib, werethefirst
truly targeted agentsthat wereproventobeeffectivein
NSCLC. They werefirstintroducedinthesecondline
and beyond setting of NSCLC. The BR21 study,
publishedintheNew England Journal of Medicinein
2005 showedthat Erlotinib prolonged progression-free
andoveral survival inpatientswho hadreceived oneor
two regimens of chemotherapy (1). The ISEL study
completed at approximately the sametime, but with
Gefitinibrather than Erlotinib, showedthat Gefitinibdid

not prolongoveral surviva inasimilar groupof patients
asthoseenrolledintheBR21 study (2). Theresultsof
thesestudiesledtotheFDA approval of Erlotinibinthe
secondandthirdlinesettinginNSCL C, whileGefitinib
wasnot approved by FDA andwassubsequently taken
off theUSmarkets.

However, not all patients respond to oral EGFR
TKIls IntheBR21sudy, whichcons sted of anunselected
group of patientswithrelapsed NSCL C, theresponse
rateto Erlotinibwasonly 9%, whichwasnear Ointhe
placebo group, but certainly wasn’t spectacular. The
next stepinthedevel opment of theora EGFRTK Iswas
theredlizationthat theseoral EGFR TKIsaremorelikely
to work in aparticular type of patients, specificaly,
female East Asian never-smoker adenocarcinoma
patients. Subsequently, withthediscovery that these
medi cations act on the mutated EGFR receptor, we
werebetter abletoidentify whichpatientswoul drespond.
PetientswithspecificsengtizingEGFR receptor mutations
inexons 18-20, most commonly exon 19 deletionsor
L 858R point mutationinexon21aremuchmorelikely
tobenefitfromtheuseof oral EGFRTKIs.

Subsequently, oral EGFR TKIsmovedtothefirst
line, andthistime, Gefitinibwastheleader. Thel PASS
study published in 2009, in over 1200 East Asian
patients, whowereclinically selectedfor havingahigh
possibility of harbouring sensitizing EGFR mutations
(female, Asian, adenocarcinoma, non-smokersor former
light smokers) reved edthat the12-month PFSof patients
treated with upfront Gefitinibwassuperior at 25%as
compared to 6.7% with carboplatin and paclitaxel
chemotherapy, althoughthemedian PFSinbotharms
was similar at 5.7 months. In 437 patients who had
EGFRmutationstatusavailable, the261 EGFR mutant
positivepatientshad asignificantly longer PFSwhen
treated with Gefitinibascomparedto Carboplatinand
paclitaxel withahazardratioof 0.48; whereastheEGFR
negativepatientshad asignificantly poorer PFSwhen
treated with Gefitinib as compared to Carboplatin/
paclitaxel chemotherapy with ahazard ratio of 2.85.
Overal survival wassimilarinthetwogroups: median
OSof 17.3 monthsfor the patients who were treated
with Carboplatinand paclitaxel, and 18.6 monthsinthe
patientswhoweretreated with Gefitinibupfront.(3)

Closeontheheel sof thel PASSstudy, Maemondo
etal publishedtheir study in2010, describingtheuseof
Gefitinibversus Carbopl atin-paclitaxel chemotherapy
INEGFRmutationpositivepatients. Expectedly, Gefitinib
wasthewinner inthisstudy withahigher median PFSof
10.8months(5.4monthsfor thechemotherapy arm) and
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higher responserateof 73.7%(30.7%for chemotherapy),
whileagainthemedianoveral surviva wasnotsgnificantly
different-30.5monthsfor thepatientstrestedwith Gefitinib
versus 23.6 months for the patients treated with
chemotherapy(4). Thesestudieshaveheraldedinanew
era in the management of metastatic NSCLC with
gartlingly highresponserates, whichwereprevioudy not
thought possi bleinlung cancer management, andsurviva
now approaching the3-year mark.

Multipleother studies(EURTAC, OPTIMAL, Firg-
SIGNAL, West Japan Oncology Group trial, North
East Japan Study Grouptrial) and meta-analyseshave
establishedtheefficacy of ord TKIs,including Gefitinib
andErlotinibinthefirstlinesettingin EGFR mutated
NSCL C as compared to chemotherapy. Thesetrials
haveshownthat themedian PFSin patientswhoharbour
theEGFRmutationandaretrestedwithora EGFRTKI
upfrontisapproximately 9-13 months. However, the
overd| surviva isnotsgnificantly different, probably due
totheuseof oral EGFR TKI intherelapsed settingin
patientswho receivechemotherapy upfront.

Thefrequency of activatingmutationsvariesaccording
to geographical location and ethnicity. 10-15% of
Caucas an patients(North Americansand Europeans)
with NSCL C are mutation positive, as compared to
30%East Asians, 19%inAfrican-Americansand 23%
Indianpatients.

2" Generation oral EGFR TKI inhibitors:
Resistancetoanoral EGFR TKI inapatient whowas
initially responding occursdueto asecondary EGFR
mutation, like T790M mutationinexon20inhalf of the
patients, or due to additional mutations like MET
amplification in about 20% of the patients. Thefirst
generation oral EGFR TKIs are not effective in the
presenceof thesemutations. The second generation
oral EGFRTKIs, likeAfatiniband Dacomitinib, are
irreversible EGFR inhibitorsthat al so block other
membersof theerbB family, includingHer2anderbB4.
In July 2013, FDA approved Afatinib for first line
therapy of EGFR mutant NSCL C patientsbased onthe
LUX-Lung3study that demonstrated that inuntreated
NSCL CEGFR mutant positivepatients, treatmentwith
Afatinibledtoasignificantly longer medianPFSat 11.1
monthscomparedtopemetrexed/ cisplatin chemotherapy
(6.9 months). Patientswith the sensitizing mutations
(exon 19 deletions or L858R mutations) had an even
longer median PFSof 13.6 monthswhentreated with
Afatinib ascompared to 6.9 monthsfor pemetrexed-
platinum(5).Afatinibiscurrently al sobeingstudiedinthe
rel gpsed setting.

Dacomitinib hasbeenstudiedinthechemotherapy-
relapsed setting, inpatientsnaivetooral EGFRTKI, in
whichit significantly prolonged PFS ascompared to
erlotinib, especialy intheKRASwildtypetumors.

b) EGFRmonoclonal antibody inhibitors

Cetuximabisahumanized monoclonal antibody to
the extracellular EGFR domain. There was some
enthusiasmgenerated by theFL EX study, whichshowed
that Cetuximab added to a standard chemotherapy
regimen(carboplatin/vinorelbine) inthefirstlinesetting
sgnificantly prolongedthemedianOSfrom10.1t011.3
months; theresponseratewasa sosgnificantlyimproved
from29to36%withtheadditionof Cetuximab. However,
the median PFSwasunchanged at 4.8 months(6). To
confirmtheseresults, theBM S099 trial exploredthe
additionof Cetuximabtostandard Carbopl atin/ paclitaxel
chemotherapyinthefirstlinesetting. Unfortunately, this
wasanegativetrid ; median PFS, whichwastheprimary
endpoint, wasnotsgnificantly prolongedfromtheaddition
of Cetuximab(7). Thus, therole of Cetuximabinthe
therapy of NSCLC is not very clear currently. The
ongoing SWOG0819tria inuntrested NSCL Cpatients
Iseva uatingtheadditionof Cetuximabtothecombination
of Carbopl atin/ paclitaxel/ bevacizumab. Theresultsof
thistria will likely determinewhether Cetuximabcontinues
to haveaplaceinthetherapy of NSCLC.

2) Vascular Epidermal Growth Factor (VEGF)
Inhibitors: Bevacizumab

Targeting tumor angi ogensishasbeenthefocusof
Intenseresearch. Bevacizumabisarecombinant human
monoclonal antibody toV EGF, whichinhibitsVEGFR1
andVEGFR2signalling. TheE4599tria demonstrated
that the addition of Bevacizumab (15 mg/kg every 3
weeks) to standard Carboplatin and paclitaxel
chemotherapy for asalectedgroup of patientsresultedin
prolongation of overall survival from 10.3 monthsto
12.3 months. In addition, median PFS (4.5 to 6.2
months) and response rate (15% to 35%) were also
significantly improved. Patientswho wereexcluded
included thosewith predominant squamoushistol ogy,
gross hemoptysis of over ¥ teaspoon of red blood,
patientson aspirin, NSAID’sor other anti-platel et
agents, clinically significant cardiovascul ar disease,
uncontrolled hypertension, brain metastases, poor
performancestatus(>ECOG PS1), inadequateorgan
function and those ontherapeuticanticoagul ation(8).
The results of thistria led to the FDA approval of
Bevacizumabincombinationwithfirs linechemotherapy
for E45996ligibleNSCL C patients.
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Afollow-upAVAil trial wasthenundertakeninwhich
untreated NSCL C patientson cisplatin/ gemcitabine
chemotherapy wererandomizedtorece veeither placebo
or Bevacizumab at 7.5mg/kg or 15 mg/kg every 3
weeks. Boththedosesof Bevacizumabledtoasgnificant
improvementinmedian PFSandresponserate, but no
prolongationof overal surviva (9). Recently, asystemétic
review andmeta-andys swaspublishedof therandomized
phasell/ 11 trial sthat added Bevacizumabto pl atinum-
based chemotherapy inthefirst-linesettinginadvanced
NSCL C. Thisreportedthat Bevacizumabsignificantly
prolonged both PFSand OS(10).

3) EML4-Alk1 Inhibitors: Crizotinib

One of the most exciting drugsin the war against
NSCL CisCrizotinib, whichactsonEML4-Alk1. The
EMLA4-ALK fusiononcogenearisesfromaninversion
on the short arm of chromosome 2 (Inv(2)(p21p23))
thatjoinsexons1-13of EML4toexons20-290f ALK.
Theresultingchimericprotein, EML4-ALK, containsan
N-terminus derived from EML4 and a C-terminus
containingtheentireintracellular tyrosine kinasedomain
of ALK.EML4-Alk1ispresentinapproximately 4%of
NSCL C patients, can bedetected by FI SH using break-
apart probes, and should be suspected in younger
patientswhoarenever or light-smokerswithEGFRwild
typeandK rasnegativeadenocarcinomawithsignetring
cellsor acinar cells. Crizotinibisamultitargetedora small
molecule TKI,whichwasoriginaly developedasaMET
inhibitor, but alsotargetsAlk1.1t wasapproved FDA in
August 2011 for thetherapy of Alk1 positive NSCLC,
based onanimpressveb50-61%responserateand median
duration of response between 42to 48 weeks. InJune
2013, Shaw et d publishedtheresultsof their trial inthe
New England Journal of Medicine, which compared
Crizotinibtosecondlinechemotherapy (Pemetrexedor
Docetaxel) in Alk-positiveNSCL C patientswho had
falledfirgtlineplainum-basedchemothergpy. Themedian
PFSinthepatientswhoreceived chemotherapy was3
months, which was prolonged to 7.7 months in the
patientstreated with Crizotinib. Theresponserateal so
increased from 20% for chemotherapy to 65% for
Crizotinib. Anearly interimanalysisof overall survival
revedlednodifferenceinthe2arms.(11)

4) Newer Drugs

Therearemultiplenew targeted agentsthat arein
variousphasesof thedevel opment process. Themost
promising of theseincludethenewer irreversiblepan-
ErbB ora TKIs like Neratinib, XL647 which is a
multitargeted TK| whichmay haveactivity inT790M
tumors, other multitargeted TKIs like Vandetanib,

Cediranib, sunitinib, sorafenib, axitiniband otesanib; the
insulin-likegrowthfactor receptor inhibitors(IGF-R)
likefigitumumab; hepatocyte growthfactor receptor
inhibitors like ARQ-197, cabozantinib; RassMAPK
pathway inhibitorsliketipifarnib; PI3K/AKT/mTOR
pathway inhibitorslikerapamycin, temsirolimusand
everolimus, proteosomeinhibitorslikebortezomib; hisone
deecetylaseinhibitorslikevorinostat andAN-9(pivanex);
retinoids like bexarotene and ROSL1 inhibitors like
TAE684.However, noneof thesedrugsisfarenoughaong
inclinica developmenttobeready for useintheclinicyet.

Conclusion

Therearenumeroustargetedtherapiesavailablefor
themanagement of non-smal cell lung cancer andtherapy
mustbeindividualy andintelligently prescribedfor each
patient. However, cost of thesenewer targeted agents
remainsprohibitive, andother thantheoral EGFRTKIs
forwhichvery affordablegenericsareavail able, most of
thetargeted agentsarebeyondthereach of theaverage
patient. Thus, theindigenousdevel opment of lternative
targeted agentsisvery important and funding of this
shouldbeapriority.
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PERSPECTIVE

STAGING & RESPONSE EVALUATION TO
THERAPY INLUNG CANCER

Introduction

Lungcanceristhel eading causeof deathworldwide,
andisagrowingconcerninChina AsaandAfrica Lung
cancer isclassifiedaseither non—small cell or small cell
lungcancer, withtheformer accountingfor 87%of al lung
cancers. Thechoiceof trestment of lung cancer dependson
histological typeand stage of disease, thereby making
accuratestaging essential toidentify proper treatment.

Staging in Lung Cancer

TheTNM classificationfor bronchogeniccarcinoma
isaninternational ly accepted systemfor management of
pati ents, trestment planning, and prognosi sassessment.
The International Association for the Study of Lung
Cancer (IASLC) announced amajor revision in the
TNM staging system for lung cancer which hasbeen
includedinthe 7" editionof the TNM classificationand
waspublished by theUICCinJanuary 2010.

TNM Descriptors

(a) T Component (Fig 1): Thetumor (T) component
is determined by the size of the primary tumor as

o

Fig 1:Images illustrating T component of TNM Classification; (a) T1
category include Tla tumors with a long axis <2 cm and T1b tumors
with a long axis >2 and <3 cm; (b) T2 category, subdivided into T2a
ifthe long axis is >3 cm and <5 cm, and into T2b if the long axis is >5
and <7 cm. A tumor that invades the visceral pleural or goes through
afissureisa T2 tumor, (c) T3 category includes any tumorwithalong
axis >7 cm; (d) T3 category includes separate tumor nodules in the
same lobe as the primary tumor; (e) T4 category includes separate
tumor nodules in a different lobe from the ipsilateral lung; and (f) M 1a
category includes intrathoracic metastases in the form of malignant
pleural effusion, pleural implants, and metastatic nodules in the
contralateral lung

measuredinthelong-axisdiameter, extent of invasionof
theprimary tumor, and presenceor absenceof satellite
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Local intrathoracic spread:
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Fig 2: Illustrating the descriptors and staging of 7th edition of the TNM staging system for lung, cancer
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nodules. The T1 and T2 categories include sub
categorizationof sizewithintoT1a, T1b, T2a,and T2b
subdescriptors.

(b) N Component (Fig 2): Thenodal (N) component
Isdetermined by the presenceor absenceof metastatic
involvement of lymphnodesinthethorax andislabeled
asNO, N1, N2andN3. Lymphnodesmeasuring 1cm
ormoreintheshortaxisareconsderedsignificantinsize
and suspicious for metastatic disease; however the
predictiveaccuracy of thiscriterionisstill limited.

(c)M Component (Fig 2): TheM component refersto
thepresenceor absenceof metastatic diseasewithinor
outside of thethorax andislabeled asM laand M 1b.
Nearly one-haf of newly diagnosedlungcancersalready
demonstrate metastaseswithin thelung, brain, liver,
adrenal gland, and osseousstructures. Any metastatic
diseaseisautomatically designated asstagel V disease
and, withafew exceptions, issurgically unresectable.
Stage Grouping (Fig2)

The combination of the descriptors determines
tumor stage. Inthe TNM-7 system, stagingisamore
complextask.

prognosisinlungcancer patients. However, thereisno
evidencetosupportthis.

Response Evaluation in Lung Cancer

TheResponseEvaluation Criteriain Solid Tumors
(RECIST), introduced in 2000, is the standard for
treatmentevaluation. RECIST 1.0, whichreliespurely
onsizecriteria, hadsomelimitationsandwasrevisedinto
RECIST 1.1inyear 2009. Oneof themajor changesin
RECIST 1.1istheinclusonof FDGPET inthedetection
of new lesionsthat defineprogression. New lesionson
thebasi sof FDG PET canbeidentified accordingtothe
followinga gorithm: anegetiveFDGPET a basdinewith
apositiveFDGPET atfollow-upisasignof progressve
disease based on anew lesion. For no FDG PET at
baselineand apositive FDG PET at follow-up, if the
positiveFDG PET at follow-up correspondsto anew
site of disease confirmed by CT, thisis progressive
disease. If the positive FDG PET at follow-up isnot
confirmed asanew site of diseaseon CT, additional
follow-up CT scansareneeded to determinewhether
thereistruly progression occurring at that site. If the
positive FDG PET at follow-up corresponds to a
preexistingsiteof diseaseon CT thatisnot progressing
onthebas sof theanatomicimages, thisisnot progressive

Table 1: Major changes in two classification system

Features 6th TNM Classification 7th TNM Classification
Tumor <2cm T1 Tla

Tumor > 2 but<3cm T1 T1b

Tumor >3 cmbut <5cm T2 T2a

Tumor >5but<7cm T2 T2b

Tumor >7cm T2 T3

Tumor - same lobe nodules T4 T3

Comparison with 6" TNM Classification (Table 1)

New stagingisbasedonanalyzingsurvival inlarge
databases, based ontumor sizeand diseaseproliferation
andthereforeisexpectedtoassessanindividua patient’s
prognosismoreaccurately.

Limitations of New Classification

Themainlimitationisregardinggloba distributionof
thedatawithnodataat all beingincludedfromAfrica,
South Americaor thel ndian subcontinent. Moreover,
7th edition of lung staging classification predates
widespread and routine use of PET which hashad an
enormous impact on clinical staging. Lympahngitis
carcinomatosi sisbelievedtobeassociatedwithworse

disease. Other changes include clear guidelines on
pathol ogical lymph nodeassessment, decreaseinthe
number of target lesion from 5 to 2 per organ and
clarificationof diseaseprogresson.

Summary

The7th TNM edition, attemptsto better correlate
diseasewithprognosticvalueandtrestment strategy . By
recognizingtherel evant radiol ogicappearancesof lung
cancer, understanding theappropriatenessof staging
disease, andbeingfamiliarwithpotentia imagingpitfals,
radiologists can make an important contribution to
treatment and outcomeinlung cancer patients.

(Dr. Rahul Kashyap, Senior Resident; Dept of Radiology)
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RESEARCH & DEVELOPMENT

Better Survival in Lung Cancer Patients

Lung cancer is aleading cause of cancer-related
deaths in many industrialized countries. Japanese
researchershaveidentifiedamutationassociatedwitha
higherincidenceof lung cancer in Japanesewomenwho
donot smoke, but better survival inlung cancer patients.
Theteamanalyzed theDNA of patientswith primary
lung cancer andfoundthat non-smoking Japanesewomen
withtwo copiesof theSNP(-617A) intheNFR2gene
had amarkedly higher incidenceof adenocarcinomaof
thelung, ascompared with non-smoking, homozygous
mal es. They al sofoundthat bothmaleandfemalelung
cancer patientshomozygousfor thesame SNPinthe
NRF2genesurvivelung cancer muchbetter. Thestudy
strongly suggeststhat thepresenceof homozygousaleles
for this SNP is agood prognostic biomarker for the
assessment of theoverall survival chancesof patients
with adenocarcinoma, aswell asapractical tool for
personalized cancer therapy.

(PLoS ONE, Sep 2013)
Early Diagnosis of Lung Cancer

Researchershaveidentifiedaproteincaledisocitrate
dehydrogenase (IDH1) present at high levelsinlung
cancersandwhichcanbedetectedinblood, makingita
noninvasivediagnosticmarker forlungcancers.IDH1is
aneffectiveplasmabiomarker withhighsensitivity and
specificity inthediagnosisof nonsmall cell lungcancer
(NSCLC), especialy lung adenocarcinoma. Blood
sampleswerecollected from 943 patientswithNSCLC
and479hedlthy controls. Noneof thestudy participants
had acancer diagnosis, nor werethey treated for cancer
inthethreeyearspriortothestudy. MedianIDH1levels
inpatientswithtwotypesof lungcancer, adenocarcinoma
and squamouscell carcinoma, respectively were2.7-
foldand2.2-foldhigher, comparedwithhedlthy controls.
Combiningthedetectionof four markers, IDH1, CEA,
Cyfra21-1,and CA 125, hel pedtobetter classify different
typesof adenocarcinoma, comparedwithdetectionwith
IDH1 & one. IDH1 couldbedetectedintheblood of lung
cancer patientswith 76%sengtivity and 77%specificity.
IDH1 coulda sobeusedtodetect precancer but further
studiesarerequiredtoaddressthat possibility.

(Clin Cancer Res, Sep 2013)

Molecule for Lung Cancer Detection

Researchersat BostonUniversity School of Medicine
havediscoveredamolecul ethat could helpleadtothe
non-invasive detection of lung cancer aswell asits
treatment. Using RNA sequencing, theteam|ooked at
arway epithelid cdlsandidentifiedaregulatory molecule
that waslessabundantin peoplewith|ung cancer and
inhibited lung cancer cell growth. Theresearchteam
usedanext-generation RNA sequencingtechnol ogy and
IdentifiedthatamicroRNA namedmiR-4423inepithelid
airway cells plays a major role in how these cells
develop. Inepithelia cellsfromtheairway of smokers
withlung cancer, levelsof miR-4423weredecreased.
Using experimental modelsin vitro and in vivo, the
research team demonstrated that miR-4423 can both
promotethedevel opment of thenormal airway cellsand
suppresslungcancer cell growth. Interestingly, throughout
the body, miR-4423 seemsonly to be present in high
level sintheairway epithelium, suggestingthatitcouldbe
avery specificprocessoccurringonly inthelungs.

(PNAS, Oct 2013)
New Genetic Error in Lung Cancers

Scientistshaveworked onthefine-grained scan of
DNA inlungcancer cellsandrevesledagenefusionthat
spursthecellstodividerapidly. Treatingthecellswitha
compoundthat blocksaproteinencoded by oneof those
genes, NTRK 1, caused the cellsto die. In the study,
researchers performed next-generation DNA
sequencingtestswhichreadtheindividual e ementsof
thegeneticcodeover longstretchesof chromosomeson
tumor samples from 36 patients with lung
adenocarcinomas whose tumors did not contain any
previoudy knowngeneticalterationsthat couldbefound
with standard clinical tests. In the laboratory,
investigatorsmixed NTRK I-inhibitingagentsintolung
adenocarcinomacellsharboring NTRK I fusions. The
result wasadampening of TRKA’ sactivity and the
death of thecancer cells. Investigatorsthen designed
anew test using fluorescencein situ hybridization
(FISH)todetect NTRK 1 fusionsandtested additional
56 tumor samples. Intotal, threeof 91 tumor samples
which had no other sign of cancer-causing genetic
abnormdlities, hadfusonsinvolving NTRK . Thefinding
suggeststhat drugsthattarget NTRK I’ sproteinproduct
couldbeeffectivein patientswhoselungtumorsharbor
suchkindof fusions.

(Nature Medicine, Nov 2013)
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NEW TECHNOLOGIES

Lung Cancer Classification Tool

A study led by the Terry Fox Research Institute,
Canada, hasledtothedevel opment of anew clinical risk
calculator softwaretoclassify whichlesionsarebenign
and malignant on an initial lung CT scan among
individuals at high risk for lung cancer. A total of
12,029 1ung cancer nodulesobservedon CTsof 2,961
current andformerswereexaminedinthepopul ation-
based prospectivestudy. Thepredictorsof cancer inthe
model includedolder age, femalesex, family history of
lung cancer, emphysema, larger nodul esize, | ocation of
thenoduleinupper |obe, part-solid nodul etype, lower
nodul ecount and spi cul ation. Thefindingsdepi cted that
whilesizeof noduleisonepredictor of lung cancer, the
largest nodul eisnot necessarily cancerous. It wasal so
observedthat nodul eslocatedintheupper lobesof lung
holdanincreased probability of cancer andthat fewer
nodules were found where cancer was present. The
study concludesthat new model will simplify thework
involvedineval uatingandassess ngnodul esonscansfor
radiol ogists, respirol ogistsand thoracic surgeonswho
make decisions about tests and treatment for their
patients.

(ScienceDaily®, Sep 4, 2013)
New Drug for Metastatic Disease

TheUSFoodand Drug Administration hasapproved
anewdrug, Gilotrif (afatinib) for patientswithmetastatic
non-small cell lungcancer (NSCL C). Thedrugisforthe
patientswhosetumorshavecertaingeneticmutationsin
agenecalledepidermal growthfactor receptor (EGFR).
About 85% of lung cancersareNSCL C, makingitthe
mostcommontypeof lungcancer. EGFR genemutations
are present in about 10% of NSCLC. Gilotrif isa
targetedtherapy, i e, atyrosinekinaseinhibitor which
blocks proteins that promote the development of
cancerouscells. Thedrug' s safety and effectiveness
werebased onaclinical study of 345 participantswith
metastatic NSCLC whose tumors harbored EGFR
mutations. Theparticipantsreceivinggilotrif werefound
to have a delay in tumor growth (progression-free
survival), i.e. 4.2 months later than those receiving
chemotherapy. Thedrugwasgrantedapriority review
programwhichprovidesanexpeditedreviewfor drugs

that may provide safe and effective therapy when no
satisfactory aternativetherapy exists.

(US Food and Drug Administration, Jul 12, 2013)
New Screening Assessment Tool

TheUnited StatesPreventive ServicesTask Force
recently issued draft recommendationsfor annual |ow-
doseCT screeningfor individual sat highrisk for lung
cancer. Withtheincreasi ng consensusthat annual |ow-
dose CT screening should be recommended for
individualsat highriskforlungcancer, anonlinetool has
been launched by the American Lung Association to
determinewhether theindividua smeet guidelinestobe
screenedby CT forlungcancer. Thescreeningdecisontool
hasbeendevel opedandtestedby researchersat Memoria
Sloan-Kettering Cancer Center, New York in
collaborationwiththeFredHutchinson Cancer Research
Center in Seattle, USA. This is based on an online
questionnairethat asksaboutlungcancer riskfactorsandis
completely confidential. Thisincludescurrentor former
smokers, ages55-79, whohavesmoked theequival ent of
apack aday for 30 yearsand have smoked withinthe
past 15years. Thisassessmenttool isafirst steptoward
promoting low-dose screeningsthat can helptodetect
lungcancersat anearlier andtreatablestage.

(PRNewswire, Oct 24, 2013)
Specific Diagnosis Test Launched

Roche, the biopharmaceutical company, has
announcedtheworldwidelaunch (except US) of Elecsys
ProGRP, atest that distingui shesbetweensmall cell lung
cancer (SCLC) andnon-smdl cdll lungcancer (NSCLC).
Progastrin-rel easing peptide (ProGRP) isabiomarker
which is overexpressed in SCLC and the increased
level soccur inblood of patients. Thestudiesshow that
ProGRP is superior to the current standard neuron-
specificenolase(NSE) 1 and measuring both ProGRP
and NSE increases the precision of diagnosis. The
ProGRPtestisthefirst testwhichcanbedeterminedin
serumor plasma. ProGRPand NSE can, therefore, be
determined in serum from asingle sampletube. The
patientswith SCL Careusually diagnosedat anadvanced
stageof diseaseandthechancesof cureremainvery low.
ProGRP meets a medical need for more precise
diagnosis, supportingmedical decisonmakingandhel ping
healthcareprofessional stoimprovepati ent outcomes.
TheProGRPtestisanimportant diagnostictool asitcan
hel pdiniciansdeterminethegppropriatetrestment pathway.

(www.roche.com, Jul 18, 2013)
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CLINICAL TRIAL

CANCER CONTROL

Icotinib versus Gefitinib

Researchers at Peking Union Medical College,
Beijing, China, performedrandomised, double-blind,
phase3non-inferiority trial to study whether icotinib
(EGFRtyrosnekinaseinhibitor) isnor-inferiortogefitinib,
inpatientswithnon-small-cell lungcancer. Patientswere
recruitedfrom 27 sitesin China, who had not responded
tooneor moreplatinum-based chemotherapy regimens.
395 patientswereincludedinthestudy (i cotinib, n=199;
gefitinib, n=196)and were randomly assigned (1:1),
usingminimisationmethods, toreceiveicotinib(125mg,
threetimesper day) or gefitinib (250 mg, onceper day)
until disease progression or unacceptable toxicity..
Patientsgiven icotinib had lessdrug-rel ated adverse
eventsthandidthosegivengefitinib (121[61%)] vs 140
[70%]; p=0-046), especidly drug-related diarrhoea(37
[19%)] vs 55[28%]; p=0-033). Resultssuggested that
icotinibcouldbeanove treatment choicefor pretreated
patientswithadvanced non-small-cell lungcancer.

(Lancet Oncol, Sep 2013)
Onartuzumab in Combination with Erlotinib

Accordingtotheresultsof amulticentric, randomized
phase2trial, theaddition of onartuzumabtoerlotinib
sgnificantlyimproved progression-freesurvival (PFS)
and overall survival (OS) in patientswith advanced,
MET-positive non-smdl cell lung cancer (NSCLC).
Incressed expression of MET is associated with more
aggress vecancer,aswel asacquiredres sancetoepidermal
growthfactor receptor (EGFR) tyrosinekinaseinhibitors
(TKI). Thetrial was doneto find clinical benefit in
patientsof NSCL Cwhenboththeinhibitorsi.eMET/
EGFR are given together. Patients were randomly
assignedat aratioof oneto onetoreceiveonartuzumab
pluserlotinibor placebopluserlotinib. Primary endpoint
wasPFSintheintent-to-treat (ITT) and MET-positive
popul ations, additional endpointswere OS, objective
response rate, and safety. Results showed that MET-
positive patients (n = 66) treated with erlotinib plus
onartuzumabshowedimprovementinboth PFSand OS,
whereasnoimprovementin PFSor OSisseeninthel TT
popul ation. Study a soresultsinworseoutcomesinMET-
negativepeti entstrestedwithonartuzumabwhichemphasze
theimportanceof diagnostictestingindrugdeve opment.

(J Clin Oncol, Oct 2013)

Crystalline Silica and Risk of Lung Cancer

Crysalinesilicaisarecognized carcinogen, butthe
associationwithlungcancer at lower level sof exposure
hasnotbeenwell characterized. Scientistsfromdifferent
institutions in Canada investigated the relationship
between occupationd slicaexposureandlungcancer, and
thecombinedeffectsof smokingandslicaexposureonlung
cancer risk. | napopul ati on-based case-control study from
1994-97, sdlf-reported questionnaires were used and
occupational hygienistsassignedsilicaexposurestoeach
jobbased on concentration, frequency, andreliability.
Datafrom 1681 incident lung cancer casesand 2053
controls were analyzed. Relative to the unexposed,
increasingdurationof licaexposureat any concentration
wasassociatedwithasignificanttrendinlungcancer risk.
Menexposedtosilicafor >30yearswith>40cigarette
pack-yearshadthehighestrisk rel ativetothoseunexposed
with<10pack-years. It wassuggested that occupational
exposure to silica is a risk factor for lung cancer,
independently fromactiveand passivesmoking, aswell
asfromexposureto other lung carcinogens.

(Int J Cancer, Nov 22, 2013)

Diabetes and Lung Cancer

Theassociation betweendiabetesandlungcanceris
rarely studiedintheAsian populations. Inastudy from
National Taiwan University, Taiwan scientist have
eval uatedtheassociation of diabetesandlungcancer. A
total of 113,347 menand 131,573womenwithdiabetes,
aged >25 years and recruited from1995-98 were
followedto2006.Age-sex-specificmortality rateratios
between peopl ewithdiabetesandthegeneral population
werecal culated. A total of 1580 men and 931 women
withdiabetesdied of lung cancer. Mortality rateratios
showedas gnificantly higher riskinpatientswithdiabetes
1.16(1.04-1.30), 1.42(1.33-1.53),1.79(1.61-1.99) and
4.37 (3.75-5.09) for >75, 65-74, 55-64 and 25-54 years
old, respectively, for men; and 1.35 (1.18-1.54), 1.41
(1.27-157), 1.88 (1.66-2.13) and 3.57 (2.95-4.33),
respectively, forwomen.Ageandsmokingweregrestly
associated with lung cancer mortality in peoplewith
diabetes, but sex, diabetestypeandinsulinusewerenot.
Diabetesdurationwass gnificantwhenthosewhodied
of lung cancer within5yearsof diabetesdiagnosiswere
excludedfromtheanalysis. Itwasconcludedthat people
withdiabeteshaveahigher risk of lung cancer mortality.

(Diabetes Res Clin Pract, Nov 2, 2013)
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GLOBE SCAN

Molecular Testing Guideline

Theobjectiveof thestudy wastoestablishevidence-
based recommendationsfor themol ecular analysi sof
lung cancers that are required to guide EGFR- and
ALK -directedtherapies, addressingwhich patientsand
samples should be tested, and when and how testing
shouldbeperformed. Threecochai rswithout conflictsof
Interest weresdl ected, onefromeachof the3sponsoring
professiond societies: Collegeof AmericanPathol ogists,
I nternational A ssociationfor theStudy of L ung Cancer,
and A ssociationfor Molecular Pathol ogy. Writingand
advisory panel swereconstituted fromadditional experts
fromthesesocieties. Asevidencethreeunbiasadliterature
searches of electronic databases were performed to
capturepublished articlesfrom January 2004 through
February 2012, yielding 1533 articleswhoseabstracts
werescreenedtoidentify 521 pertinent articlesthat were
then reviewed in detail for their relevance to the
recommendations. Evidencewasformally gradedfor
eachrecommendation. I nitial recommendationswere
formulated by the cochairs and panel members at a
publicmesting. Eachguiddinesectionwasassignedtoat
least 2 panelists. Draftswerecircul ated tothewriting
panel (version 1), advisory panel (version 2), andthe
public(verson3) beforesubmission(version4). The37
guideline items address 14 subjects, including 15
recommendations (evidence grade A/B). The major
recommendationsaretousetestingfor EGFR mutations
and ALK fusionstoguidepatient sel ectionfor therapy
with an epidermal growth factor receptor (EGFR) or
anaplastic lymphoma kinase (ALK) inhibitor,
respectively, in all patients with advanced-stage
adenocarcinoma, regardlessof sex, race, smokinghistory,
orother clinical risk factors, andtoprioritizeEGFRand
ALK testingover other molecular predictivetests. As
scientificdiscoveriesandclinical practiceoutpacethe
completionof randomizedclinica trials, evidence-based
guidelinesdevel oped by expert practitionersarevita for
communicating emergingclinical standards. Already,
new treatmentstargeting geneticaterationsinother, less
commondriver oncogenesarebeingevaluatedinlung
cancer, andtestingfor thesemay beaddressedinfuture
versionsof theseguidelines.

(USA: J Mol Diag, July 2013)

Recommendation Lung Cancer Screening

TheUnited StatesPreventive Services Task Force
(USPSTF) hasissued adraft statement recommending
that certainpeopl eat highrisk for lungcancer getalow-
doseCT scanevery year. Thetask forceisanindependent
panel of experts authorized by Congress to make
recommendationsabout specificpreventiveservicesfor
patientswithnosignsor symptomsof disease. Thedraft
recommendationisfor peoplewhoarecurrent smokers
(or havequitwithinthelast 15years) aged 55t0 79years
old who have a smoking history of 30 pack-yearsor
greater. A pack-year” meansthat someonehassmoked
anaverageof 1 pack of cigarettesper day for ayear. For
example, apersonwhohassmoked apack aday for 30
yearshasa30 pack-year history of smoking, asdoesa
person who smoked 2 packs aday for 15 years. The
new recommendati ontakesintoaccount boththeharms
andbenefitsof using CT scansfor lung cancer screening.
A littleover ayear ago, the American Cancer Society
publishedlungcancer screeningguidelinesbasedonthe
Nationa Lung Screening Trid (NLST) andother studies
that |ooked at low-dose CT screening. Theguidelines
recommend doctorsdiscusslow-dose CT with patients
at highrisk for lung cancer, thosewho meet the same
criteriausedintheNL ST study. Thecriteriaareinplace
tobal ancethebenefitsandrisksof screening. Low-dose
CT, likeother screeningtests, canpotential ly find cancer
earlywhenit’ seasier totreat. But thescansalsofind
alot of abnormalitiesthat eventually turnout nottobe
cancer. Checkingthemout may leadtoadditional scans,
more-invasivetests, or even surgery that sometimes
harmspeoplewhodidn’t havecancerinthefirst place.
Theserisksmay outweighthebenefit of screeningfor
everyoneexcept thoseat higher than averagerisk for
lung cancer, such as heavy smokers. One notable
differencebetweentheUSPSTF draft recommendation
andthe ACSguidelinesisthehighemphasistheACS
placesoninformed decisionmakingabout thebenefits
and harmsassociatedwith screeningfor lungcancer,in
particular, thehighlikelihoodof fal sepositivetestresults
ontheinitial screeningtest that will requireadditional
follow-up. Incontrast, the USPSTF endorsesshared
decisonmakingonly for eigibleindividua swhohave
significant healthissues. It’ simportant to remember
that thisisadraft recommendation, and that other
aspectsof therecommendation could changeinthe
find verson.

(USA; ACS; July 30, 2013)
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INFOCUS

IMPORTANCE OF GENETIC SIGNATURES
IN LUNG CARCINOMAS

L ung cancer isthemost common cancer worldwide
with1.61 millionnew cases, representing12.7%of all
new cancers. It isal sothemaost common causeof cancer
related deaths from cancer, with 1.38 million deaths
(18.2%of theall cancer rel ated desths).

Seventy percent of thelung cancersarediagnosedin
advanced stagesand most among these(85%) arenon-
small cell lung carcinomas (NSCL C). Despite being
overwhelmingly NSCLC, the Lung cancer is a
heterogeneousdiseasemorphol ogically and based on
genetic signatures. The great majority are
adenocarcinomasand smaller fractioniscomposed of
sguamouscarcinomasandNSCL C-NOS. Theadvanced
lung cancershavemediansurviva of 12weeksandeven
despite treatment with conventional cytotoxic,
chemotherapy thefive-year survival acrossall stagesis
merely 17% and only 5% in advanced stages. The
benefit of cytotoxic therapy thusis minimal and has
already reached aplateau. Theneedfor new treatment
Srategy cannotthereforebeoveremphasi sed. I dentifying
thedriver mutationand neutralizing theeffectsof this
driver mutation seemsthebest choicecurrently asanew
paradigmof treatmentinlungcancer.

A wholelotof driver mutationshavebeenidentified
in adenocarcinomas which are druggable. Figure 1

Lung Cancer Mutation Consortium
Incidence of Single Driver Mutations
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Fig 2: Driver mutations in squamous carcinoma

demonstratesthedriver mutationsinadenocarcinomas
of whichEGFRmutationand Alk fusion areactionable
by precison medicine and two Ros 1 and C-Met
mutationandamplificationareresponsivetoCrizotinib
thoughinoff |abel use. Onemay soona soseetheBRAF
and Her2 mutationscomingintheambit of actionable
mutations. Thelist shall happily grow andfortunately
thesemutationsaremutually exclusive.

It is not that squamous carcinomas have been
neglected. However, despitefindingthedriver mutations
in sqguamous crcinomas, the moleculesto negate the
effect of thesedriver mutationshavenot yet passedthe
testof clinica scrutiny. Thedriver mutationsinsguamous
carcinomasareshowninFig2.

L etusnow study thesemutationsinadenocarcinoma
tounderstand how thesemutationsoperateand canbe
identified and blocked by the available precision
molecules.

EGFR

EGFRmutationsarethemost commonmutationsin
Asans, beingfoundin26%of lungadenocarcinomasin
Indian popul ation. EGFRisareceptor tyrosinekinase
(RTK),andmutationsinexons19-21resultinconditutive
kinaseactivity that promotescel | growth, survival and
carcinogenicprogression. IncontrasttoKRAS, mutations
inEGFR ariseindependently of smokinghistory. Small
moleculekinaseinhibitors, suchaserlotinibandgefitinib,
bindtothefunctiona kinasedomainthusinactivatingthe
enzymaticactivity andconsequently al theill effects. The
immunostainingwithEGFRde E746-A750andL858R
mutati onantibodiesisareliablescreeningmethodwith
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highspecificity andsengtivity foridentifyingtheEGFR
mutation in both resected and biopsied lung
adenocarcinomas. ThoughlIHCisanappedingidea, the
IHC hasnot been widely accepted because of lack of
clinical vaidity andfailuretodetect exon 18andexon 20
mutations. Thelargest phase3trial inAsianpopulation
whichcomparedthevarioustestingmethodol ogiesfor
their predictiveability to forecast responseto EGFR
TKI exhibited the superiority of mutational analysis
versus EGFR gene amplification by FISH and the
protein overexpression by IHC. It, is therefore, the
mutation analysisof exon 18 through 21 whichisthe
recommended method of testingandreadersareadvised
toignoreother methodsasof now.

Themutationanalysisispossibleby amplification
acrossmutationsitesand sequencingthe PCR product.
Thisstrategy requires50%tumor volumeinthegiven
sample. Alternatively, especialyinlaboratorieswhich
havelesser volumeand|ack accesstoasequencer, the
mutationspecificamplification/ amplificationrefractory
mutation systemarebetter techniques. Thelatter arekit
based, validated and havefar higher analytesensitivity
goingaslow as1%of tumor volume, theflipsidebeing
inability todetectnovel mutations. Tenyearsintodetecting
theEGFR mutations, onereally doesnot expecttofind
new mutations and, therefore, the use of this latter
techniqueby most |aboratoriesrecommended.
EMIL4-ALK

ALK (Anaplasticlymphomakinase) isareceptor
tyrosine kinase activated by chromosomal
rearrangements, most oftenwiththeEML4gene. These
rearrangements are found in approximately 2-7% of
NSCL Cs, largely limitedto adenocarcinomas, andare
associated with advanced stage, young age and non-
smoking status. The EML4-ALK fusion has potent
constitutivekinaseactivity, and cell linesharboringthe
fusonarehighly sensitiveto ALK inhibitors. Thesubset
of ALK -rearrangedtumorshasbeenthefocusof intense
basicandclinical researchover thepast 5years, andis
an exciting example of the potential of personalized
cancer therapy. Theresult of thiswork hasbeenmultiple
successful clinicd tridsof crizotinib(@MET/ALK small
molecul ekinaseinhibitor) inmulticenter phasel, 2,and
3studies, resultinginrecent FDA approval . ALK testing
canbedoneby:

1) Fluorescent in-situ Hybridization (FISH): Can
beconsideredagoldstandardasall thetrialshavebeen

Mechanism of ALK Break-apart FISH
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done selecting the patient popul ation based on FISH
results. Thegreatest benefitof “ Bresk-apart” FISH isits
ability toalwaysdetecttheAlklocusbreak/ Alk fusion;
however, FISH cannotidentify thepartner geneinthe
Alkfusonrearrangement. I sit hecessary orimportantto
identify the partner gene? Possibly yes, considering
some early reports have highlighted the differential
responseto Alk TKI based upon the nature of fusion
partner. Performing FISH analysis is painstaking,
Interpretati onrequirespatienceandinlargefraction of
cases, two observers have to read the result. The
alternative strategies are being explored and
Immunohistochemistry & RT PCRarebeingexamined
tofill thisspace.

2) Real Time-Polymerase Chain Reaction (RT-
PCR): TheRT PCR hasthecapability todetect specific
breakpointsbut needscomplex multiplexing, mMRNA
extraction(whichisdifficulttoextractand preserve) and
careful designing of primersand FRET probes. The
method is yet not popular universally but has been
extensively used by Chinese and Japanese workers.
OnemoredeficitinRT PCRmethodol ogy i sitsinability
toidentify novel rearrangements. A new PCR strategy
called” Rapid Amplificationof cDNA Ends—RACE”
canovercomethisproblem. Timeonly will tell whether
RT PCRreceiveswarmer welcomeinfuture.

3) Immunohistochemistry (IHC): 1t is a familiar
techniqueto most |aboratories. Itisrelatively easy to
perform, vaidateandinterpret. Anultrasensitivesystem
developedby VENTANA Diagnosticsutilizing D5F3
antibody hasbeen accepted asacompanionkitfor Alk
determination by IHC. Severa studies have shown
100% sensitivety >98% specificity. | foresee great
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potential for thistest platform and see FISH & IHC
working as complementary methods in equivocal /
clinically discordantsituations.

KRAS

KRAS isacytoplasmic GTPase, and is the most
common driver gene mutated in NSCLC. In lung
adenocarcinomas, mutationsarepresentin 20-30% of
cases, and havebeen associ ated withrefractorinessto
therapy with EGFR inhibitors. KRAS mutations are
most commonly observedin patientswith ahistory of
smoking, and the exact DNA mutations have been
shownto ariseasaresult of DNA damage caused by
carcinogensinsmoke. KRA Smutationswork better as
negative predictor of response to EGFR TKI than
EGFRmutationsdoaspositivepredictor. Thedetection
methodsincludenucl e cacidsequencing, dlele-specific
PCR methods, single-strand conformational
polymorphism analysis, melt—curve analysis, probe
hybridizationandothers.

ROS1

ROSL is a receptor tyrosine kinase involved in
chromosomal transl ocations; andispresentin1-2%
of NSCL C, againinalmost al adenocarcinomas. The
clinical profileof patientswithROS1 trand ocationsis
very similar tothat of ALK -positivepatients, namely
youngage, non-smoking status, and advanced stage.
The most common partners for ROS1 include the
CD74 and SLC34A2 genes, and preclinical work
suggeststhat ROS1-positivetumorsareal sosensitive
to crizotinib (ROS1 and ALK are closely related
sequences). Crizotinibisbeinganalyzedinthispatient
populationnow.

HER2 (ERBB2)

TheHER2 (ERBB2) receptor tyrosinekinase, best
studiedinbreast cancer,isalsoanimportantdriverin2%
of NSCL C. Unlikebreast cancer, wheretheHER2 gene
iscommonly amplified,inNSCL Cthemost common
alteration is mutation within exon 20 of the kinase
domain. HER2amplificationisoccas ondly observedin
NSCLC as well. Case reports have indicated that
HER2-mutant NSCL Cmay besensitivetoexperimental
HER2kinaseinhibitors.

MET RTK

TheMET RTK isamplifiedinapproximately 1%of
NSCLC de novo, and has been associated with the
development of resistancein EGFR-mutant NSCLC

treatedwithEGFR TKIs. Only afew MET-amplified
patients have been treated with MET TKIs, but the
resultshavebeenintriguing.

BRAF

BRAFisaserineg/threoninekinasethatisimmediately
downstreamof KRAS, andismutantinapproximately
2% of NSCLC. BRAF mutations appear to be most
commoninnon-smokers.Vemurafenibandother BRAF
targeted agents are being evaluated in thisNSCLC
population.

PI3K/AKT1

Oneof thema or signalingaxisthat hasbeenstudied
involvesthephospheatidylinositol 3-kinase(PI 3K)/AKT
pathway that has important rolesin cell growth and
protein synthesisaswell astumor cell survival. The
catalyticsubunit of the PI3K complexistermed pl110,
andtheal phaisoformencoded by thePIK3CA geneis
mutated in 4% of NSCLC. Interestingly PIK3CA
mutations are commonly present in tumors with
mutationsof theM APK pathway (e.g. EGFRmutations).
NumerousPI 3K inhibitorsareindevelopment. AKTis
aserine-threoninekinasedownstreamof PI3K thatis
critical for cell survival,andismutatedat resdueE17in
1% of NSCLC. AKT inhibitors are currently being
evauatedinclinica trids.

MYC

MY C proto-oncogenebel ongstoafamily of rel ated
genes(c-MYC, N-MYC, L-MYC)—encodetranscription
factorsthat activategenesinvol vedinthegrowthcontrol
andapoptosis.Itencodesnucl ear productswhicharethe
ultimatetarget of RASsignal transduction. Itsactivation
occursasaresult of protein overexpression caused by
geneamplificationor by transcriptional dysregulation.
MY Cexpress onmay represent anavenuefor thergpeutic
mani pulation. Thegrowthinhibitionof anSCLCcdll line
by all-trans-retinoi c acid appearstobeassociated with
increased MY CL and decreased MY C expression.
Moreover, antisense therapy strategies directed at
downregulatingM'Y Cexpress onappesr encouragingin
cedll culturesystems.

The Testing Strategy

Thelungcancer usually getsdiagnosedinadvanced
stagesutilizingfineneedl easpirate, small biopsiesand
cell blocksfrom effusates/ needle wash. Thetissue/
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diagnosticmaterid istypicaly limitedandaclever useof
theavail ablematerial isnecessary todraw themaximum
informationfromthesample. Thequestionthat bagsthe
answer is the option of overlapping testing versus
sequentia testingof specimenfor thevariousmutational
analyses. Theconcurrent testing hasbeenrecommended
by theCollegeof AmericanPathol ogist primarily inthe
interestof time. A 10-workingday ceiling (2weeks) has
beenrecommendedwithanobjectivethat patientswithout
adriver mutation shall not deteriorateto anextent that
cytotoxictherapy optiongetsprecluded.

Theother important questionisthevalueof KRas
testingandtheorder of analyses. Many still beginwith
KRasanalysiswithintentthat itspositivity will make
further testing unnecessary andwill becost effective.
However, sincenointerventionisavailablefor KRas
target andanegativeresult will still advancetofurther
testing for other mutationsmost othersproceedtotest
for EGFRand ALK fusionupfront.

Giventhefactthat ROS1and CM et areal so of f | abel
targetsof CrizotinibandBRAFandHer2will alsojoin
thelist of actionabl etargets, thetimefor “ Multi Gene
Tumor Profiling” isnow mature. Suchananaysiswill,in
onesingleexperiment, check outall actionablemutations
thereby economisingontheuseof tissueand makingthe
new paradigm of personalised medicinemorevastly
applicableandhopefully affordable.

Conclusion

Geneexpressonprofilinginlungcancer hasprovided
insights into the molecular aspects of the etiology,
pathogenesisandtreatment. Itisnow possibletodefine
subgroups of lung cancer and identify molecular
determinantsthat control invasivenessand metastasis
andresponsetotargeted drug treatment. Theproof of
principle that gene expression profiles can predict
probability of reponsetotargetedtrestmentisanexciting
andimportant advance.

Theavailability of acomprehensvegeneticfingerprint
foreverylungcancer patientwill resultinoptimal cancer
care, and hopefully in quantitative improvementsin
surviva andqudity of life. Eva uationof dl driver mutations
ison anvil andfutureuseof multigeneprofilingof lung
cancer becomingstandardof careishighly possible.

(Dr Anurag Mehta, Director Laboratory Services; Dr
Malini Goswami, DNB Trainee; RGCI&RC)

WATCH-OUT

Method of Treating Lung Cancer

Rikova, et a of Cell Signaling Technology, Inc.
(CST), have been awarded US patent, 8,481,279 on
July 9, 2013. Many cancers are characterized by
disruptionsincellular signaling pathwaysthat lead to
aberrant control of cellular processes, or touncontrolled
growthandproliferationof cells. Theinventionrel atesto
methodsfor inhibitingtheprogression of lung cancers
that expressthe Echinoderm Mi crotubul e-Associated
Protein-Like 4 (EML4)-ALK fusion gene. These
disruptionsareoftencaused by changesintheactivity of
particular signaling proteins, such askinases. Among
thesecancersaresolidtumors, likenon-small cell lung
carcinoma(NSCL C). Inaccordancewiththeinvention,
novel gene deletions and translocations involving
chromosome2resultinginfusion proteinscombining
partof ALK kinasewithpart of asecondary proteinhave
now beenidentifiedinhumansolidtumors,e.g. NSCLC.
Secondary proteinsinclude(EML-4) and TRK-Fusion
Gene(TFG). Theinventionthereforeprovides, inpart,
isolated polynucleotides and vectors encoding the
disclosedmutant ALK kinasepolypeptides, probesfor
detectingit, i solated mutant poly pepti des, recombinant
polypeptides, and reagentsfor detectingthefusionand
truncated polypeptides.

(www.uspto.gov, Nov 15, 2013)
Therapy of p5S3 Mutant Lung Cancer

The development of small therapeutic agentsisa
major goal inthepharmaceutical industry. Suchagents
arepotentialy relaively inexpensivetomanufactureand
arelesslikely toinduceadverseimmunol ogical responses.
p53 isatranscriptionfactor whichinhumansisencoded
by the TP53 gene. Haupt; Y gal and Haupt; Susan of
Peter MacCallum Cancer Institute of Australiahave
been awarded US patent No. 8,586,557 on 19"
November 2013for theirinventionentitled“ Therapy of
p53 mutant col on adenocarcinoma, breast cancer and
lung cancer”. The invention provides a method for
treatingahyperproliferativedisorder characterized by
expression of amutant form of p53 in a subject, the
method comprising administering to the subject a
thergpeuti cally effectiveamount of anagentwhichinhibits
promyelocyticleukemia(PML) protein.

(www.patentbuddy.com, Dec 2, 2013)
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