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Q1.WRITE ON CANCERS EPIDEMIOLOGY IN AFRICA
GENERALLYANDNIGERIAINPARTICULAR.

Duringthe65thWorldHealthAssembly,memberstatesoftheWHOagreedtoadopta
globaltargetofa 25% reduction in premature mortality from the fourmajor
noncommunicablediseases(NCD)bytheyear2025.Thiswasinresponsetothe
growingburdenofNCDs,inwhich,in2011,cancerwasestimatedtobetheleading
globalcause ofdeath,ranking above ischemic heartdisease,stroke,and lower
respiratorytractinfections(Maxwell Parkinatal.,2012)

Canceris an increasing problem in Africa because ofaging and growth ofthe
populationaswellasincreasedprevalenceofriskfactorsassociatedwitheconomic
transition (including smoking,alcohol,obesity,physicalinactivity,and reproductive
behaviors),andofcertaininfectiousagentsofimportanceincanceretiology.According
toUnitedNationspopulationestimates,thepopulationofAfricabetween2010and
2030isprojectedtoincreaseby60% overall(from 1.03billionto1.63billion)andby
90% forthose60andolder(from 55millionto103million),theageatwhichcancer
mostfrequentlyoccurs.

Despitethisgrowingburden,cancercontinuestoreceivearelativelylowpublichealth
priorityinAfrica,largelybecauseoflimitedresourcesandotherpressingpublichealth
problems,including communicable diseasessuch asAcquired Immune Deficiency
Syndrome (AIDS)/Human Immunodeficiency Virus (HIV) infection,malaria,and
tuberculosis.Anotherfactormaybeagenerallackofawarenessamongpolicymakers,
thegeneralpublic,andinternationalprivateorpublichealthagencies,concerningthe
magnitudeofthecurrentandfuturecancerburdenonthecontinentanditseconomic
impact.

Inthisreview,wepresentdataontheestimatedburdenforcommoncancersinAfrica
basedonthemostrecentGLOBOCANestimatesofincidenceandmortalityfor2012.



These data are builtupon results from the network ofpopulation-based cancer
registriesthathavegrownupoverthelast30years.InAfrica,datafrom cancer
registries are particularlyimportant,as there are no accurate mortalitystatistics
availablefrom civilregistrationsystemsonthecontinentalmainland.(Maxwell Parkinat
al.,2012)

Thenumbersandratespresentedherewereextractedfrom theGLOBOCAN 2012
databaseoftheInternationalAgencyforResearchonCancer(IARC),whichpresents
estimatesofincidenceof,andmortalityfrom allcancersand27majortypesin184
countriesorterritoriesworldwidefor2012.Ofthe54countriesofAfricaforwhich
estimatesareavailable,relativelyrecentcancerregistrydatawereusedfor34,whilethe
absenceofanyrecentdatafor20meantthatestimateswerebasedondatafrom
neighboring countries.depicts the data sources and methods used in map form
(Maxwell Parkinatal.,2012)

Insevencountries(Algeria,Egypt,Libya,Malawi,Tunisia,Uganda,andZimbabwe)there
werelocal(“regional”)registrieswhichcoverlessthan10%ofthenationalpopulation,
butwhichwerejudgedtobeofsufficientqualityforinclusioninthelatestvolumeof
“CancerIncidenceinFiveContinents”(CI5;ref. (Maxwell Parkinatal.,2012)

Theirdatawereusedtoestimatenationalincidence[methods6(>1registrypercountry)
and7(asingleregistry)].

Nationalcancerregistrydatawereavailablefrom sevencountries(Botswana,Mauritius,
Namibia,Reunion,TheGambia,Swaziland,andRepublicofSouthAfrica).Althoughnone
wereofaqualitysufficientforinclusioninCI5,theincidenceratesofsixofthem were
usedinmakingestimatesforthecountry(Maxwell Parkinatal.,2012)

Cancer-specificmortalitystatisticswereavailablefrom fourcountries,buttheywereof
onlymedium qualityintwo(MauritiusandReunion)andoflow qualityinEgyptand
RepublicofSouthAfrica(qualitycriteriaasdefinedbyMathersandcolleagues;ref. 5).
Recentmortalityratesfrom thesecountieswereusedforthe2012estimates.Forthe
remainingcountries,mortalitywasestimatedbycombiningtheestimatesofcancer
incidencewithsurvivalprobabilitiespredictedfrom country-specificlevelsoftheHuman
DevelopmentIndex(Maxwell Parkinatal.,2012)

EstimatesoftheincidenceofKaposisarcoma(KS)forcountriesinSub-SaharanAfrica
werecalculatedbyadifferentapproach,usingdataonprevalenceofHIVinfection,as



mostKScasesareHIV-related(Maxwell Parkinatal.,2012)

1.Thenumberofendemic(pre-AIDS)KScaseswasfirstestimated,usingthepercentage

frequencyofthedisease,bysexandage,basedondatafrom Uganda,Kampala

(1961–1980),andNigeria,Ibadan(1971–1990).Thesepercentageswereappliedto

countriesinEasternandWesternAfrica,respectively.ForcountriesinMiddleand

SouthernAfrica,asimpleaverageofthesefrequencieswasapplied

Thenumberofepidemic(AIDS-related)KScaseswasthenestimatedforbothsexes
combinedfortheyear2011,usingestimatesofAIDSdeathsbycountryin2011(7)and
anestimateoftheratioofdeathsfrom AIDStoincidentcasesofKS.Thisratiowas
basedonobservedKSratesinseveralcountries(from thesentinelregistrieslisted
below,minustheendemicKS),and wasspecificbyregion(varying from 0.7% in
WesternAfricato6.0% inEasternAfrica).ThistotalnumberofAIDS-relatedKSwas
partitionedbysexandageusingsex-andage-specificproportionsinsentinelregistries
ofMalawi,Blantyre,Uganda,KampalaandZimbabwe,Harare(EasternAfrica),Congo,
Brazzaville(MiddleAfrica),BotswanaandNamibia(SouthernAfrica),Mali,Bamakoand
Niger,Niamey(WesternAfrica)(Maxwell Parkinatal.,2012)

Wepresenttheresultsfor2012intermsofthenumbersofnew cancercasesand
deaths,and cumulative risk ofdeveloping,ordying from cancerbefore age 75,
expressedasapercentage,assuminganabsenceofcompetingcausesofdeath.
(Maxwell Parkinatal.,2012)

The2012estimates

Thenumbersandratesofcancerforindividualcountriesareestimatesbasedondata
ofvaryingquality,rangingfrom population-basedclose-to-completeandvalidobserved
countsofcasesanddeaths,throughestimatesbasedonsamples,tothosebased
solelyondatafrom neighboringcountries.Theyrepresentthebestestimatesthatcan
beattainedgivenexistinginformationsources,and,althoughitisoftensuggestedthat
thenumbersofcasesareunderestimatesofthetruesituation (Maxwell Parkinatal.,
2012),thereisnoreasontosupposethatthisisthecase.Thecountry-specificcancer
incidencerates(andmortalityusingthe5-yearsurvivalmethod)areusuallybasedon
data reported by localcancerregistries thatgenerally coverthe capitalcity or
predominantly urban areas.Adjustments are made forknown causes ofunder-
enumerationofcancercases,butthisremainsapossibility,particularlyinsomeofthe
unpublisheddatasetsthathavebeenused.Ofmoreconcern,however,isthevery
sparsedataavailableforruralAfrica(wherelifeexpectancywaslessthan50yearsin



2000),andthelikelihoodthatincidenceratesformostcancersaremuchlowerinrural
areas than those reported bythe cancerregistries covering urban areas.Ifthe
urban:ruralincidencerateratiosthatarereportedbyIndiancancerregistrieswere
applicable to African countries,then the 2012 estimates forAfrica would be
overestimated,asonly40%ofthepopulationisurban(Maxwell Parkinatal.,2012).The
estimatespresentedinGLOBOCAN2012arethemostaccuratethatcanbemadeat
present,althoughthereisobviouslyaneedformorereliablecancerregistrydata,
especiallyinSub-SaharanAfrica,andpromotingpopulation-basedcancerregistration
systemsforassessinglocalcancercontrolprioritiesinthesecountriesisclearlyvery
important.

Themajorcancers

Breastcancer.

BreastcanceristhemostcommonlydiagnosedcancerinAfrica,andinSub-Saharan
Africa,andisalsotheleadingcauseofdeathfrom cancer(63,100deathsin2012).
showsthatbreastcanceristhemostcommonlydiagnosedcancerinwomeninallof
NorthAfrica,andhasalsobecometheleadingcancerinwomeninmanySub-Saharan
countries.However,thegeographicpatterndoesnotcloselyfollow theconventional
regions.Apartfrom theislandpopulationsofMauritiusandReunion,thehighestrates
areseeninEgypt,Algeria,Nigeria,andRepublicofSouthAfrica.Althoughthereasons
fortheincreasingimportanceofbreastcancermustbespeculative,theymostlikely
includeincreasesintheprevalenceofriskfactorssuchasearlymenarche,latechild
bearing,havingfewerchildren,obesity,andincreasedawarenessanddetection,which
areassociatedwithurbanizationandeconomicdevelopment.Therehavebeenrapid
increasesintheincidenceofbreastcancerinSub-SaharanAfrica;ratesofincreasein
thelast20yearswere3.6%peryearinKampala(Uganda)and4.9%peryearintheBlack
populationofHarare(Zimbabwe;InNorthAfrica,theincreaseinCentralTunisiawas
2.5%annuallyinthelast15years(Maxwell Parkinatal.,2012)

IthasbeenknownforsometimethatbreastcanceramongBlackAmericansismore
likelytobeearlyonset,highergrade,andestrogenreceptor(ER)negativethanis
observedamongWhiteAmericansandthesameistrueintheBlackpopulationofthe
UnitedKingdom.Earlyageatonsetandaggressiveclinicalfeatureshavefrequently
beendocumentedinclinicalseriesfrom Africaandcaseseriesfrom severalcentersin
Africa have reported thathormone receptor–negative cases are predominant,for
example,only25%ofcasesinalargemulticenterseriesofpatientsfrom WestAfrica
wereER-positive,lessthanhalfthatobservedintheU.S.Blackpopulationoverallandin



thoseborninAfrica (Maxwell Parkinatal.,2012).However,thesefindingsfrom Africa
werebasedonarchivalmaterialsandtheroleofantigendegradationandfalsenegative
resultscouldnotberuledoutIndeed,amorerecentprospectivecase-seriesstudyin
SouthAfricanBlackwomenfoundthatonly35% ofbreastcancercaseswereER
negative,whichwascomparablewiththosewhichhadbeenreportedinU.S.Black
women(Maxwell Parkinatal.,2012)

Cervicalcancer.

CervicalcanceristhesecondmostfrequentlydiagnosedcancerinAfrica(99,000cases)
andSub-SaharanAfrica(93,200,25.2%ofcancersinwomen)in2012,butismuchrarer
inNorthAfrica(only5800cases,5.1% ofcancersinwomen)(Maxwell Parkinatal.,
2012) showscumulativeincidencebycountry,andillustratestheveryhighriskinEast
Africa,withcumulativeriskinMalawi,Zimbabwe,andMozambiqueinexcessof6%,
whereasinsomecountriesofNorthAfrica(Egypt,SudanandTunisia)thecumulative
riskisbelow 1%.Thesehighratesreflectahighprevalenceofthecausativevirus,
HPVaswellasalackofscreeningservicesforthepreventionandearlydetectionofthe
disease.ItisnoteworthythatbeforetheintroductionandwidedisseminationofPap
testinginthe1960sintheUnitedStates,theincidenceofcervicalcancer(cumulative
risk,0–74)intenselectedmetropolitanareasin1947–48[3.1%inwhitesand6.7%in
non-whites]wasofthesameorderofmagnitudeasthehighestratesfoundinEastern
Africatoday.Thereislittleevidenceforanydeclinein incidencein recentyears;
incidenceratesinbothKampalaandHarareshow persistentincreasesinincidence.
(Maxwell Parkinatal.,2012)

Prostatecancer.

Withalmost60,000new casesestimatedin2012,canceroftheprostateisthemost
frequentlydiagnosedcancerinmen,althoughinNorthAfrica,itliesinfourthposition
(afterlung,liver,andbladder).Itisthethirdmostcommonneoplasm overall(after
breastandcervix),bothinAfricaasawholeandinSub-SaharanAfrica.Inthelatter
region,theriskofdevelopingprostatecancerbeforeage75(3.4%,affectingalmost1in
30men)isinfactnotdissimilartotheequivalentrisksforbreast(3.5%)andcervical
cancer(3.8%)amongwomen(Maxwell Parkinatal.,2012)

AsisevidentinthediseaseistheleadingcauseofcanceramongmeninmanyAfrican
countries(23of54).Thereremainshowevera10-foldvariationincumulativeincidence
ofprostatecancerinSub-Saharancountries,withriskin2012rangingfrom 0.8% in
Ethiopiatomorethan8%intheRepublicofSouthAfrica.Eveninthelattercountry,rates
aremodestcomparedwiththoseinmenofAfricandescentintheUnitedStatesand
Caribbean,although incidence is markedly increasing in a number of African
populations,for example in Kampala and in the Black population of Harare



(Maxwell Parkinatal.,2012).Mostcancerregistriesaresituatedinmajorcitiesorurban
populationsonthecontinent,anditthusremainsdifficulttoascribesuchgeographical
andtemporaldifferencestoriskfactorslinkedtoincreasingaffluence(awesternization
oflifestyle),ortoinherentandwell-knownartifacts[enhanceddiagnosticcapabilities,
notablyviatheincreasingavailability(andaffordability)ofPSAtesting](Maxwell Parkin
atal.,2012)

Livercancer.

Giventhepoorprognosisoflivercancer,thenumberofnewcases(58,500)anddeaths
(56,000)estimatedin2012arerathersimilar,andintermsofbothindicators,liver
cancer(predominantlyhepatocellularcarcinoma)ranksasthefourthmostfrequent
cancerontheAfricancontinentandinSub-SaharanAfrica,accountingforabout7%of
thetotalcancerburden.Ratesare2-foldgreaterinNorthAfricathaninSub-Saharan
AfricalargelybecauseoftheveryhighincidenceratesinEgyptandindeedlivercancer
ratestendstobelow elsewhereintheregion;compare,forexample,thecumulative
incidenceinMorocco(0.2%),Algeria(0.2%),andneighboringLibya(0.7%)amongmen
withthoseestimatedforEgypt(4.6%).Theincidenceandmortalityratesarealso
elevated elsewhere,particularlyin Western Africa,wherelivercanceristhemost
commonmalignancyofmenin12countrieswithacumulativeriskrangingfrom 1%to
3%in2012.

The majorriskfactorsin operation forlivercanceron the African continentare
infectionswiththehepatitisvirusesandaflatoxin,particularlychroniccarriageofthe
hepatitisB virus(HBV)inSub-SaharanAfrica,withchronichepatitisC virus(HCV)
infectionmoreprevalentinNorthernAfrica.ThisismarkedlythecaseinEgypt,where
theburdenofHCVprevalenceisthehighestintheworldandlargelyattributedtopublic
healthcampaignstoreduceschistosomiasisviamassparenteralantischistosomal
therapy(Maxwell Parkinatal.,2012)

Colorectalcancer.

Colorectalcanceris the fifth mostcommon malignancy in Africa according to
estimatesfor2012,with41,000new casesandaround29,000deaths,andaslight
preponderanceofcasesinmen.ItiscertainlymorecommoninNorthernAfricawhere,
inAlgeria,itrankssecondonlytobreastcancerintermsofincidencewhenbothsexes
arecombined.InTunisiaand Libya,colorectalcancertakessecond placeamong
women,andlifetimerisk(0–74)isabove1%.CumulativeriskisevenhigherintheIndian
OceanislandsofMauritiusandReunion,aswellasinRepublicofSouthAfrica,where
ratesaremanytimesgreaterinWhitescomparedwithBlacks (Maxwell Parkinatal.,
2012)



Given the relative diagnostic biases associated with prostate and breastcancer,
cancersofthelargebowelmaybeconsideredamorerobustmarkeroftheextentof
transitioninagivenpopulation,probablylinkedtoanumberofill-defineddietaryfactors
aswellasnutritionalcorrelates(sedentarylifestyleandobesity).WhileBurkitt'sreview
ofcolorectalcancerover40yearsagorevealeditsrarityacrossSub-SaharanAfrica,
cumulativeincidenceisnow above1% in Zimbabwein 2012,and timetrendsin
incidenceoverthe20-yearperiodupto2010revealedincreasesincolorectalratesof
around4%perannum amongbothBlackmenandwomeninHarare(Maxwell Parkinat
al.,2012)

Kaposisarcoma.

Anestimated37,500casesofKS(23,800casesinmalesand13,700casesinfemales
werediagnosedinAfricain2012,allbutabout300inSub-SaharanAfrica showsthat
theareaofhighestincidenceisinEastAfrica,whereinsixcountriesitisthemost
commoncancerinmales.TheincidenceratesforKSroseseveralfoldinEastAfrica
andotherpartsSub-SaharanAfricaduringthe1990s,consistentwiththeHIV/AIDS
epidemicintheseregions,andincidenceratesstillcorrelate,atleasttosomeextent,
withtheprevalenceofHIV-AIDSKSisanHIV-associatedcancercausedbyhuman
herpesvirus-8 (Maxwell Parkinatal.,2012)AlthoughKScontinuestobealeading
cause ofcancerin mostpartsofEastern Africa,ratesare declining because of
reduction in prevalenceofHIV and wideravailabilityofhighlyactiveantiretroviral
therapy(Maxwell Parkinatal.,2012)

Non–Hodgkinlymphoma.

Anestimated36,700newcasesand26,400deathsfrom non–Hodgkinlymphoma(NHL)
occurredinAfricain2012.Incidenceratesinbothsexesareratherhigherthantheworld
average(cumulativerisk0.54%)inNorthAfrica(cumulativerisk0.70%)butlowerinSub-
SaharanAfrica(cumulativerisk0.37%).NHLencompassesavarietyofhistologically
distinctforms (Maxwell Parkinatal.,2012).Burkittlymphoma(BL)isaverycommon
cancerofchildreninpartsoftropicalAfrica,whereitmayaccountforuptothree-
quartersofallchildhoodcancers.InthezoneofhighincidenceofchildhoodBLin
centralAfrica,almostallcases are associated with Epstein–Barrvirus (EBV),as
demonstratedbythepresenceofeitherEBVnuclearantigen(EBNA)orEBVDNAinthe
tumorcells.Intense(holoendemic)malariainfectionisacofactor:BLcaseshave
evidenceofmorefrequentorintenseinfectionwithmalariathancontrolchildren.The



riskofadultNHLisincreasedbyHIVinfection,althoughtherelativeriskinHIV-positive
subjectsinAfricaislowerthaninEuropeandNorthAmerica,andtheassociation
betweenendemicBLandHIVisevenlessclear.In2002,itwasestimatedthatabout
onequarterofNHLcasesinSub-SaharanregionwereassociatedwithAIDS

Lungcancer.

About30,300 new lung cancercasesand 27,000 deathswereestimated to have
occurredin2012inAfrica,withmenaccountingforover70% ofthetotalcasesand
deaths.Thereisovera30-folddifferenceinincidenceandmortalityratesbetween
countriesinbothmalesandfemales,withthelowestratesfoundintheWesternAfrica
andMiddleAfricaandthehighestratesinSouthernandNorthernAfrica.Notably,lung
canceristhemostcommonlydiagnosedcanceramongmalesinmostcountriesin
NorthernAfrica,includingTunisia,Libya,Morocco,andAlgeria (Maxwell Parkinatal.,
2012)

Data on time trends in lung cancerrates in Africa are sparse.Chokunonga and
colleaguesreportedthatlungcancerincidenceratesdecreasedfrom 1991through
2010 in Black population of Harare, Zimbabwe, in both men and women
(Maxwell Parkinatal.,2012)

.InSouthAfrica,Belloandcolleaguesdocumenteddecreasinglungcancermortality
ratesinmenbutincreasingratesinwomenfrom 1995through2006,andanincreasing
incidenceinwomenhasalsobeennotedinKampala(Uganda;ref.Thedecreaseinmen
mayreflectreductionintobaccouseduetoantitobaccopoliciesoverthepastdecades,
includingincreasedexcisetaxoncigarettesandbanningsmokinginpublicplaces.In
general,tobaccoconsumptionandlungcancerratesareexpectedtoincreaseinmany
partsofAfricabecauseofcontinuedtobaccopromotionandlackofcomprehensive
tobaccocontrolpoliciesintheregion.Accordingtodatafrom theGlobalYouthTobacco
Survey,initiationofsmokingincreasedfrom 1999to2008insomeAfricancountries
(Maxwell Parkinatal.,2012)

Esophagealcancer.

About27,500new cancercasesand25,200deathsfrom esophagealcancerwere
estimatedtohaveoccurredinAfricain2012,89%oftheseinSub-SaharanAfrica.Itis
more common in males than females (sex ratio = 1.4)and incidence rates are
particularlyhighinEastAfrica.Exceptionallyhighincidencerateshavebeenrecordedin
theEastCapeProvince(formerTranskei)areaofSouthAfrica.Almostallofthe
esophagealcancersin thesehigh riskareasaresquamouscellcarcinomas.The
reasonsforthehighburdenofesophagealcancersinseveralpartsofEasternAfrica
andSouthernAfricaarenotfullyunderstood.Tobaccoandalcoholare,aselsewhere,
clearriskfactors,butobviouslydonotexplainthedramaticregionalvariationwithin



Africa.Manyotherhypotheseshavebeenadvanced,includingnutritionaldeficiencies
secondarytopoordietarypatternssuchasconsumptionofamaize-baseddietthatis
lowinfruitsandvegetables,andthecontaminationofmaizewithfungithatproduces
fumonisins,acancer-initiatingagentinexperimentalanimals (Maxwell Parkinatal.,
2012).Althoughasmalldeclineinregistereddeathratesfrom esophagealcancerin
maleswasrecordedintheRepublicofSouthAfricabetween1999and2006,nodecline
inincidencehasbeenseenincancerregistriesinthehighriskpopulationsofthe
EasternCapeHarare,ZimbabweandKampala,Uganda(Maxwell Parkinatal.,2012)

Bladdercancer.

BladdercanceristhefourthmostcommoncancerofmeninNorthAfrica,witha
cumulativeriskof1.1%,buttheincidenceelsewhereinAfricaismuchlower.Incidence
and mortalityratesamong meninNorthernAfricaaretwiceashighasthosein
SouthernAfrica,whichhasthesecondhighestregionalrates(cumulativerisk0.8%).
EgyptianmenhavebyfarthehighestbladdercancerincidenceratesinAfrica(cum risk
2.6%).A large proportion ofbladdercancercases in Africa are squamous cell
carcinoma,andbetween30% and60% ofallbladdercancercasesinthisregionare
causedbychronicinfectionwiththeparasite Schistosomahaematobium.Treatmentof
schistosomiasiswiththedrugpraziquantelcoupledwithlowerinfectionrates(probably
becauseofurbanization)arethoughttohavecontributedtothesubstantialdecreasein
incidence ofSchistosoma-associated bladdercancerin Egyptoverthe pastfew
decades(Maxwell Parkinatal.,2012)

Opportunitiesforcancerpreventionandcontrol

Opportunitiesforreducingsufferinganddeathfrom cancerinAfricaexistacrossall
stagesofthecancercontrolspectrum.Recentreviewshavedescribedthecurrent
statusandfutureopportunitieswithrespecttocancertreatmentandpalliativecarein
Africa (Maxwell Parkinatal.,2012).Here,wefocusontheprospectsforcancer
prevention,based on ourunderstanding ofetiology and the nature history,and
applicableresource-dependantapproachestoearlydetectionstrategies
Preventionisrightlyproposedasofprimaryimportanceasitisundoubtedlymore
logical,andcost-effectivetopreventdiseasethattodealwithitonceithasoccurred.
Thebenefitsofpreventiveinterventionstakealongtimetobemanifest,andthemore
urgentneedsofalleviatingsufferingamongpatientswithcancerwilltakepriority,but
thisshould notprecluderelativelymodestinvestmentsto reducethesizeofthe
problem tobedealtwithinfuture.

Ithasbeenestimatedthatatleast32.7%ofcancersinSub-SaharanAfricaarecaused
byinfectiousagentsincludingcervix,liver,andbladdercancersandKS—butexcluding



somethatresultfrom infectionwithHIV.Asubstantialproportionofthesecancersis
potentiallypreventablebyvaccination,improvedhygiene,sanitation,and/ortreatment.
(Maxwell Parkinatal.,2012)

VaccinationagainstHepatitisB(responsibleforthemajorityoflivercancersinSub-
SaharanAfrica),hasbeenavailablesincetheearly1980sandhasbeenrecommended
aspartofroutinenationalinfantimmunizationprogramssince199Althoughalmostall
Africancountrieshaveincludedthevaccineaspartoftheirnationalinfantimmunization
schedule,vaccinationcoveragewaslessthanoptimal(<80%)inatleast20countriesin
2012(Maxwell Parkinatal.,2012)

EstablishingandmaintainingcancercontrolprogramsinAfrica

TheWorldHealthOrganizationhaspromotedthedevelopmentofNationalCancer
ControlProgrammes.Theiraim istoreducetheincidenceandmortalityofcancerand
improvethequalityoflifeofpatientswithcancerinaparticularcountryorstate,
throughthesystematicandequitableimplementationofevidence-basedstrategiesfor
prevention,earlydetection,treatment,andpalliation,makingthebestuseofavailable
resources (Maxwell Parkinatal.,2012).Thispolicywasendorsedbythemember
statesofWHO,when,in2005,theWorldHealthAssemblypassedaresolutionon
cancerpreventionandcontrol,callingonMemberStatestointensifyactionagainst
cancerbydevelopingandreinforcingcancercontrolprogramsYet,inasurveycarried
outin2010,WHOfoundthatonly14ofthe47countriesintheAfricanregionresponded
to questionnaire survey by reporting the existence of an operational
policy/strategy/actionplanforcancer.Infact,thisdoesnotimplytheexistenceofa
formalnationalcancercontrolplan.Inanycase,rationalplanningisimpossiblewithout
ameansofidentifyingthemainhealthproblems,determiningprioritiesforpreventive
andcurativeprograms,evaluatingwhethergoalsarereachedinthetargetgroups,and
determiningwhathasbeenachievedinrelationtoresourcesexpended(Maxwell Parkin
atal.,2012)

Theneedforafunctionalcancersurveillancesystem isexplicitinallofthedocuments
relatingtocancercontrolplanning,asis,inthecontextoflow andmiddleincome
countries,the essentialrole ofcancerregistries in this respect.Cancer-specific
incidencedata(per100,000)from (population-based)cancerregistriesisoneofthe
coreindicatorspromotedbyWHOaspartoftheframeworkforNCDsurveillanceinthe
GlobalStatus Reporton Non-Communicable Diseases.Itis disappointing thatat
presentonly20ofthecountriesofSub-SaharanAfricahaveafunctioningpopulation-
basedcancerregistry (Maxwell Parkinatal.,2012).Cancerregistrationisalwaysa
feasiblesystem tointroduceinacountryanddoesnotneedtocoveranentirenational
population—acommonmisapprehension,unlessthecountryissmallorwealthy,most



cancersurveillanceneedscanbemetinacost-effectivemannerthroughregistrationof
a sample of the population from which nationalestimates can be derived
(Maxwell Parkinatal.,2012)

INNIGERIA

CANCERINCIDENCEINNIGERIA

Nigeriarecorded102079casesofcancer,outofwhich27,304(26.7%)caseswerefor

breastcancer,14089(13.8%)forcervixuteri,12,047(11.8%)forliverand11,944(11.7%)

forprostatecancerasincidence(Figure4)(Globocan,2012).Theagestandardized

incidencerates(ASR)forthesecommoncancers;breast,cervixuteri,liverandprostate

were50.4,29.0,11.5,and30.7per100,000respectively.A5-yearprevalencestudyin

Nigeriaalsoshowedalmostthesametrend.Breastcancerbeingtheleadingcaseswith

87,579(37.7%),followedbycervixuteri35,644(15.4%),prostate31062(13.4%)and

thenliver8,447(3.7%)(Figure5).ThemortalityasrecordedbyGlobocan(2012)showed

thatbreastcancercaused13,960(19.5%)deaths,cervixuteri8,240(11.5%)deaths,liver

11,663 (16.3%)deathsand prostate9628 (13.5%)deathsinNigeria.TheASR for

mortalityare;breastcancer25.9per100,000,cervixuteri17.5per100,000,liver11.0per

100,00andprostate25.3per100,000(Figure6).Thecumulativeriskforthesecommon

cancersinNigeriaareonthehighside,breastcancerbeingthehighestfollowedby

cervixuteri,prostateandthelivercancer.NigerialikemanyotherAfricancountries

lackedaccuratedataoncancerincidenceandmortality.SomeoftheestimatesbyWHO

aregottenfrom extrapolating dataoffew populations-based cancerregistriesin

Nigeriaandthereforemaynotbeaccurate.TherecentpublicationbyNigeriaNational

System ofCancerRegistries(2016)gavethecancerincidenceandpatterninNigeriafor

5yearsi.e.from 2009-2013(MorounkeSaibuetal.,2017)

BREASTCANCER

Breastcancer(BC)isaglobaldiseaseofsignificantburdenanditsincidencecontinues

toriseespeciallyinthesub-SaharanAfrica[13].Itwasdescribedasthemostcommon

cancerinwomenworldwide[14].Itaccountedfor24.45%ofallthecancertypes(Figure

3).Huge differences have been observed in the behaviorofthe tumour,clinical

manifestation,treatmentresponseandprognosisacrossthevariousregionsofthe

worldespeciallybetweenthedevelopedandthedevelopingworldincidencedatafrom

twopopulationbasedcancerregistriesinNigeriasuggestedsubstantialincreasein

incidenceofbreastcancerinrecenttimes[18].Recentobservationsalsoshowedthat

thefrequencyofbreastcancerhadrisenoverthatofcervicalcancerinNigeria[19].In

2012,WHOalsoestimated27,304caseswithagestandardizedincidencerates(ASR)of



50.4per100,000and13960deathswithASR25.9per100,000.Nggadaetal.,in2008

suggestedpublicenlightenment,werescreeningallwomenatrisk,earlydetectionofthe

lesion,andpropermanagementinourhealthinstitutionasthewaystoslowdownthe

progressiveincreaseinbreastcancercasesanddeathsinourenvironment,Nigeria

(MorounkeSaibuetal.,2017)

CERVICALCANCER

Cervicalcancerisacancerofthewomen.ItsfrequencyinAfricaissecondtobreast

canceranditistheleadingcauseofcancerdeath(50,300)inwomenwithASRof25.2

casesper100,000[3].NorthAmericaontheotherhandhad7.7per100,000asitsASR

[20].ThisvalueislowwhencomparedwiththatofAfrica.InNigeria,theincidenceand

thetrendarenotdifferent.In2012,WHOalsonamedcervicalcancerasthesecond

commoncancerinNigerianwomenwithestimated14,080casesandASRof29.0per

100,000and8,240deathsandASRof17.5per100,000[21].Cervicalcanceriscaused

byHumanpapillomavirusinfectionwhichistransmittedduringsexualintercourse.So,

itis preventable and remains one ofthe mostpreventable cancers.Its slow

developmentoffersanopportunityforeasyidentificationandtreatmentwhendetected

early.SomeoftheriskfactorsinAfricanwomenareearlyageofsexualinitiationand

multiplesexpartners(MorounkeSaibuetal.,2017)

PROSTATECANCER

Prostatecanceristhemostcommon canceramong men in southern Africaand

westernAfricainwhichNigeriaandCameroonaregoodexamples[9,24].A study

showedthattheASRof17.5per100,000inAfricawaslowerthanthoseofdeveloped

countrieswith61.7per100,000.Ajapeetal.,2010reportedlowlevelofawarenessof

prostatecancerandprostatespecificantigen(PSA)screeninginAfrica[25].InNigeria,

prostatecancerisalsothemostcommoncanceramongmen.11944caseswithASRof

30.7per100,000and9628deathswithASRof25.3per100,000wereestimatedin2012

(MorounkeSaibuetal.,2017)

LIVERCANCER

Livercanceriscommontobothmaleandfemale.Itisrankedasthesecondcommon

cancerandtheleadingcauseofdeathinmenandthethirdcommoncancerandthe

thirdleadingcauseofcancerdeathwomeninAfrica.TheASRof11.6per100,000in

Africawashigherthanthatofthedevelopedcountrieswith8.2per100,000[3].Middle

AfricahadthehighestincidenceandmortalityrateswhilewesternAfricanwasnextin

rank[3].IncidenceratewasalsocommoninwesternAfricacountrieslikeGambiaand

Guinea[26].InNigeria,12047casesoflivercancerwereestimatedin2012(ASR=11.5



per100,000),outofwhich7,875weremalesand4,172werefemales.Alsoatotalof

11663deathswithASRof11.0per100,000wereestimatedforbothsexesinthesame

year(MorounkeSaibuetal.,2017)

COLORECTALCANCER

TherateofcolorectalcancerinAfricawasnotashighasthatofdevelopedcountriesas

recordedin2008.TheASRforAfricawas6.9per100,000comparedto37.7per100,000

forthedevelopedcountries.IncentralTunisia,colorectalcanceraccountedfor8.4%of

allthecancerswithsignificantincreasebetween1993and2007.Someriskfactorslike

smoking,alcoholconsumption,andunhealthydietsthatarehighinexcesscalories

such as meats,starches,fats,and sugars are associated with developmentof

colorectalcancer(MorounkeSaibuetal.,2017)

CANCERPATTERNSINNIGERIASTATES

Cancerpattern in Nigeria as extracted from Nigeria NationalSystem ofCancer

Registries(2016)isshowninTable3below.Therewere4209casesofcancerrecoded

from tworegistrationcentersinLagosStatebetween2009and2013(Table3).25.9%

ofthisfigureismalewhile74.1% isfemale.ThenextinrankafterLagoscentersis

Enugucenterwithtotalcancercasesof3282inwhich40%ismaleand60%isfemale.

EdoandAnambraarethenextwith2230and2024casesofcancerrespectively.The

leastcasesofcancerwererecordedinBayelsaandKogiwith140and187cancercases

respectively[29].ThecommoncancerrecordedinLUTH (LU),oneofLagoscancer

registries,forperiodof2009to2013formalewereprostate(7.1%)andcolorectal(3.4%)

whilethatoffemalewerebreast(41.2%),cervix(14.5%)andcolorectal(3.1%).In

LASUTH(LA),thesecondcenterinLagos,prostate(5.3%),connective,softtissue(4.4%),

andcolorectal(3.3%)formaleandbreast(38.9%),cervix(9.2%)anduterus(6.6%)were

recorded.Therecordfrom Enugucancerregistryshowedsimilartrend:prostate(33.9%)

andcolorectal(6.0%)andnon-melanomaskin(4.1%)inmalewhilethatoffemalewere

breast(60.3%),cervix(22.2%),ovary(5.5%)andcolorectal(5.3%).Themostcommon

cancersinmeninAnambraforallageswereoftheprostate(15.1%),colorectal(3.4%)

andliver(2.6%).Forwomenofallagesinrankorderwerebreast(20.1%),cervix(8.3%)

andovary(4.0%).InEdostatewherethelowestcancercaseswererecordedwithin

2009-2013,thecommoncancersreportedwereprostate(13.4%),andcolorectal(2.0%)

formaleandbreast(19.6%),andcervix(3.9%)forfemale(MorounkeSaibuetal.,2017)

CONCLUSION

Theprevalenceofsymptomsofcancerandcancertreatmentarehighlysignificant

issuesinclinicaloncology.CancerdataavailableinNigeriaarehospitalbased;itis



obviousthatcancerincidenceanddeathsinNigeriaareincreasingfrom yeartoyear.

However,majorityoftheCommonCancersarepreventableorcurableifdetectedearly.

Despitethese,Nigeriagovernmentisputtingverylittleefforttowardscancerdiagnosis

andmanagement.Thisreview wasconductedinordertocalltheattentionofthe

governmentandresearchbasedorganizationstousethetrendofcancerinNigeriafor

settingprioritiesincancercontrolprograms.Itisobviousthattheimplementationof

theNationalCancerRegistrycouldfacilitatethestudyoftheevolutionofthetendency

ofcancerbyagegroupinthefuture,toachieveanappropriatescreeningsystem and

providetrainingtopeopleatrisk.Thiswillhelphealthofficialsmonitorthediseasein

thecommunity.Also,asnovelcytotoxic,radiation,immunotherapy,andcombination

therapiesevolve,thereisa continued need forresearch evaluating strategiesfor

preventingormitigatingthesymptomsrelatedtocancer.Theevidenceofefficacyof

currenttreatmentregimensneedsfurthervalidationinwellpowered clinicaltrials,

targetedtoandspecifictocancersandtreatmentregimens.Futurestudiesusing

personalizedmedicineapproachesforthetreatmentofcancerwiththeidentificationof

specificgeneclusterstodiscriminatethesegroupswillbevaluable(MorounkeSaibuet
al.,2017)

Q2.CRITICALLYEXAMINETHEINVOLVEMENTOFANGIOGENIC

GENES IN THE DEVELOPMENT AND PROGRESSION OF

OSTEOSARCOMAS.

Osteosarcomaisamalignanttumorofmesenchymaloriginandprimarilyoccursin

children,adolescents,andyoungadults.Thispleiomorphictumorofthebone,basedon

animalmodelsystems(LuXieetal.,2017)dependsonnewbloodvesseldevelopment,

also knownasangiogenesis,fortumorgrowthandmetastasis.Althoughmodern

multimodalitytreatmenthassignificantlyimprovedtumorresectabilityandthelong-

term outcomeofthesepatients,25–35% ofpatientswith initiallynon-metastatic

diseasesubsequentlydevelopmetastasisandthisremainsthemajorcauseofdeath

(LuXieetal.,2017).Atthesametime,axialskeletalosteosarcomapreliminarily

respondspoorlytochemotherapyandhasbeenproventohaveanevenmoredismal



prognosis.From thereviewofvanMaldegem etal andLagmay etal,weconcludedthat

inthepasttwo decades,published phaseI/IIclinicaltrialsonchemotherapyfor

osteosarcomafailedtomakesignificantprogressinrefractorycases.Withthestudyof

oncogenesisandpathobiologicalbehaviorofosteosarcoma,weknowthatnewblood

vesselformation (angiogenesis)is fundamentalto tumorgrowth,invasion,and

metastaticdissemination(LuXieetal.,2017)

Several groups have evaluated tumor micro-vessel density and outcome in

osteosarcoma (5–7).Expression ofVEGF has been suggested as a means of

evaluating the prognostic importance of angiogenesis in osteosarcoma (8).

Monotherapywithsecond-generationbroad-spectrum VEGFreceptortyrosinekinase

inhibitors (TKIs)in sarcoma has now become an area ofactive research and

application beyond gastrointestinalstromaltumors (GISTs).Within allofthose

preclinicalexperimentsandclinicaltrials(6, 9–13),themilestoneofthetreatmenton

advancedosteosarcomashouldcountontheapplicationofanti-angiogenesisTKIs

sorafenibonrefractorycasesfrom theItalianSarcomaGroup(13),whichofficially

raisedthe4-monthprogression-freesurvival(PFS)from <30–46% forthefirsttime.

However,thingshadseemednottochangeasdramaticallyaswasexpectedsincethen.

Themainhurdlethatresearchersneedtogetovershouldbesensitivityanddrug-

resistance(LuXieetal.,2017)

The goals ofthis review are:a)to review representative agents in in vitro and in
vivo experimentsthatshowedpromiseforosteosarcomabasedonanti-angiogenesis
therapy;b)tosummarizethecurrentphaseIandIItrialsofanti-angiogenensistherapies
thathavebeen explored in advanced osteosarcoma patients;and c)to focuson
targeting the action towards VEGFR and to discuss currenthurdles and future
perspectives.

Angiogenesisistheprocessofnewbloodvesseldevelopment,whichiscriticalinboth

physiologicaldevelopmentandpathologicalprocesses,suchastumorprogression,

woundhealing,andcardiovascular,inflammatory,ischemic,andinfectiousdiseases

(15).Inresponsetohypoxia,tumortissuesproduceandreleaseangiogenicgrowth

factors,such as vasculo-endothelialgrowth factor(VEGF),the acidic and basic



fibroblastgrowthfactors(aFGFandbFGF),andtheplatelet-derivedendothelialcell

growth factor (PD-ECGF) to recruit new blood vessels by angiogenesis and

vasculogenesis(16).Itisnowwidelyacceptedthatbothmutationsofoncogenesand

tumorsuppressorgenesleadtotheswitchintoanangiogenictumor.Accordingto

Gorlick etal (1),osteosarcomahascomplexunbalancedkarotypesandwithalterations

ofthep53andretinoblastomapathwaysinmostcases,thusthevasculatureplayingan

intimateroleintheprogressionofthepathologicdevelopmentofosteosarcoma(Lu

Xieetal.,2017)

VEGFisakeytumor-derivedangiogenicfactorthathasmultiplefunctions,including
stimulationofangiogenesis,vasculogenesis,inflammation,andvascularpermeability,
whichconstitutesthemostimportantsignalingpathwaysintumorangiogenesis(7).
AccordingtoNiu etal (16),thewholeVEGFfamilyhasbeenidentifiedtocomprise8
memberswithacommonVEGFhomologydomain:VEGF-A,VEGF-B,VEGF-C,VEGF-D,
VEGF-E,VEGF-F,andplacentagrowthfactor(PIGF)-1and−2.Asshownin Fig.1,VEGFs
signalthrough3tyrosinekinasereceptors,knownasFlt-1(VEGFR-1),Flk-1/KDR(VEGFR
-2),andVEGFR-3(17),whichwerepreviouslythoughttobepredominantlyexpressedby
endothelialcells,butinactualfactarealsoinsarcomacelllineswithlimitedstudy
(18–21).IthasbeenreportedthatbothVEGFR-1and−2canpromoteangiogenesisand
VEGFR-3stimulationleadstolymphangiogenesis(22).

ThereisageneralconsensusthatVEGFR-2isthedominantreceptorinmediatingthe
pro-angiogenicfunctionsofVEGF-A andthispathwayhasbeenprioritizedforthe
developmentofantiangiogenictherapies(16, 23).ThoughVEGFR-1hasa10-foldhigher
binding affinity forVEGF-A,its activation has less impacton the activation of
intracellularsignalingintermediatesthanVEGFR-2(23).

RecognitionoftheVEGFpathwayasakeyregulatorofangiogenesishasledtothe

developmentofseveralVEGF-targetedagents,includingagentsthatpreventVEGF-A

bindingtoitsreceptors(24),antibodiesthatdirectlyblockVEGFR-2(25),andsmall

moleculesthatinhibitthekinaseactivityofVEGFR-2therebyblockgrowthfactor

signaling(26).Someofthem havebeenapprovedbytheFDAoftheUSforclinical

applications(16).Previousrepresentativeanti-angiogeniccompounds(10,27–39)are

summarizedin TableI withmedianinhibitionconcentration(IC50)notedforcomparison

(LuXieetal.,2017)



Moreover,Broadhead etal (40–43)repeatedlyreportedthatpigmentepithelium-derived

factor(PEDF),co-localizedwithVEGFintumortissue,wasprobablyimportantinthe

fine-tuningoftumorvasculatureandaggression.However,theclinicalapplicationof

thisagentisunderinvestigation(NCT00702494)(LuXieetal.,2017)

Fundamentalstudy ofangiogenesis in osteosarcoma and otherrelated cellular

signalingpathways

GellerandGorlick(44)reviewedHER-2targetedtreatmentofosteosarcoma.Theresults
showed thatHER-2 expression asa prognosticfactorin osteosarcoma remained
controversialandacomparisonoftheresultsisdifficultbecauseofvariables,including
thehandling and preparationofmaterial,tissueheterogeneity,fixationtechniques,
storage conditions, antibody characteristics, scoring scheme, and staining
interpretationduetosingle-institution,retrospectivestudiesthatwerelimitedinsize.
Abdeen etal (45)statedin2009thattherewasanegativecorrelationbetweenVEGFR-3
andbothoverallsurvivalandevent-freesurvivalofosteosarcoma,andVEGF-Bwas
correlatedwithapoorhistologicresponsetochemotherapy.In2011,Yang etal (46)
reportedthatvascularendothelialgrowthfactor(VEGF)pathwaygenescollectivelywere
amplified,and alterations of this pathway were validated by fluorescence in
situ hybridization (FISH)and immunohistochemistry analyses in 58 formalin-fixed,
paraffin-embedded osteosarcoma archival tissues that had clinical follow-up
information.Lammli etal (47)in 2012 demonstrated thatthere was a significant
positivecorrelationbetweenVEGFexpressionandtumorstagesamongthesecases
(P<0.01).Thedataalsosuggestedahighercancerrecurrenceandmorefrequentcases
ofremotemetastasisinthehigh-VEGFgroupcomparedtothelow-VEGFgroup.The
expressionofVEGFhasbeenusedasamoreobjectivemeansofevaluatingthe
prognosticimportanceofangiogenesisinosteosarcoma.Onegroupfoundthat63%of
osteosarcomasamplesdemonstratedVEGFimmunohistochemicalstainingintumor
cells(8).

In2013,Chen etal (48)completedameta-analysisofpublishedstudiesandperformed
asystematicreviewtoprovideacomprehensiveassessmentoftheprognosticroleof
VEGFexpression.Theyincluded12studieswithatotalof559osteosarcomapatientsin
thesystematicreview andmeta-analysis.Comparedwithosteosarcomapatientswith
low ornegativeVEGFexpression,patientswithhighVEGFexpressionwereobviously
associated with lowerdisease-free survival(OR=0.25,95% CI0.11–0.58,P=0.001,

I2=56.4%).Inaddition,patientswithhighVEGFexpressionwereobviouslyassociated

withloweroverallsurvival(OR=0.22,95% CI0.13–0.35,P<0.001,I2=0.0%).Therefore,
thefindingsfrom thissystematicreview suggestedthatVEGFexpressionwasan
effectivebiomarkerofprognosisinpatientswithosteosarcoma.However,different



from softtissue sarcoma (49),osteosarcoma has notbeen classified bywhich
subtypesofVEGFRexpressioncorrelatewithprognosis.Kampmann etal (49)reported
in2015thatthehighexpressionofVEGFR1-3andPDGFR-βwassignificantlycorrelated
withhighergrading(G2vs.G3,P<0.05),andhighVEGFR-2wassignificantlycorrelated
withdecreasedpatientsurvival(P<0.001).

AccordingtoAurby etal (50),angiogenesisinhibitorscanbedividedinto2classes:
directinhibitorsand indirectinhibitors.Directinhibitorstargetendothelialcellsby
arrestingproliferationandmigrationofthesecellsorbyinducingtheirapoptosis.
Indirectangiogenesisinhibitorsactonthesignalingpathwaysinducedbyangiogenic
stimuli,bysequesteringtheangiogenicfactorssecretedbytumorcells,orbyblocking
thesignaltransductionpathwaysthatareactivatedwhenbindingfactorsmeettheir
receptorsonendothelialcells.Thefirstdirectinhibitorwasendostatin,whichwasan
internalfragmentofthecarboxy-terminusofcollagenXVIII(51).Itisaparadigm ofa
broad-spectrum endogenousanti-angiogenicmolecule,throughwhichtheresultsof in
vitro experimentsaresatisfactory.However,methodsofresolubilizationgaveverylow
yieldsofactiveproteins,whichmakesithardtobeamaturepharmaceuticaland
obstructsitsfurtherdevelopment.Bevacizumab(52)neutralizesallisoformsofhuman
VEGFandinhibitsVEGF-inducedproliferationofendothelialcells invitro withanED50 of
approximately50ng/ml.Itwastestedincombinationwithseveralchemotherapeutic
drugs,suchasdoxorubicin,topotecan,paclitaxel,anddocetaxel,showinganadditive
antitumoreffect(28,53,54).However,asforosteosarcoma,clinicalapplicationdidnot
proveaseffectiveastheexperiments(53).Withinnovationfrom theVEGF-Aaptamer
(55)toVEGFtrap(56),morefocushasbeengiventotheVEGFR tyrosinekinase
inhibitors(TKIs)(7,16).

Proteinkinasesarekeyenzymesintheregulationofvariouscellularprocessesthat

catalysetransferofaphosphategroupfrom ATPtoahydroxylgroupofaserineora

threonine.Among the90 identified genesencoding proteinswith tyrosinekinase

activity,58encodereceptorsdividedinto20subfamilies(57).Ofthese,EGFR/ErbB

(classI),thereceptorforinsulin(classII),PDGF(classIII),FGF(classIV),VEGF(class

V),andHGF(MET,classVI)arestronglyassociatedwithoncologicaldiseases(58).

Unlikebevacizumab,VEGFTrap,andpegaptanib,whichtargetextracellularVEGF,TKIs

targettheintracellularsignalingpathwaysofVEGFreceptorsaswellasavarietyof

receptorsthatrelyonatyrosinekinasecomponenttofunctionproperly,includingPDGF

receptor,FMS-liketyrosinekinase3(FLT3),RAF,andc-KITreceptors(16).In TableI,we

summarizetheclassicTKIscompoundsinpreclinicalexperimentsforosteosarcoma

andtheirmaintargetedregion.Sunitinibandsorafenibshareasimilarmechanism of

action and primarilytargettumorangiogenesisbyinhibiting avarietyoftyrosine

kinases(36,59,60).Pazopanibisanoral,second-generationmulti-targetedtyrosine



kinaseinhibitortargetingVEGF-1,−2,and−3receptors,PDGF-αand-βreceptors,andc-

kit,whichexhibitedgoodpotencyagainstallofthehumanVEGFRsandcloselyrelated

tyrosinereceptorkinases invitro (30,31,61).BesidesTKIs,antibodiesblockingVEGFR2

havealsobeendeveloped(LuXieetal.,2017)

Inadditiontoanti-angiogenesisdrugs,therearesomeothercellularsignalingpathways

thatshould be mentioned as they are always used in combination with anti-

angiogenesistargetdrugsinclinicaltrialsofosteosarcoma.A signaltransduction

pathwaythroughinsulin-likegrowthfactor(IGF)receptorsignaling,whichisalsoan

attractivetherapeutictargetforthetreatmentofosteosarcoma,isthemammalian

targetoftherapamycin(mTOR)pathway(63).mTORtechnicallydoesnotbelongto

anti-angiogenesistherapyaccordingtoHanahan etal (64).Underconditionsfavorable

forcellgrowth,mTOR activatesribosomalproteintranslation(viaS6K1)andcap-

dependenttranslation(viaeIF4E),allowingG1 toSphasecellcycleprogression.This

signalpathwaywasnotoriginallyactivatedinmostsarcomapatients,butafterusing

anti-angiogenesisTKIsforawhile,manysarcomasshowsecondaryactivatedpathway,

whichmakesthistargetasasupplementtoTKIsforlong-term use.Atthesametime,

theinvolvementoftheIGF/IGF1-Raxisintumorigenesismakesitanattractivetarget

foranticancertherapeutics,especially in Ewing's sarcoma.A human IgG1 type

monoclonalantibodydirected againstthe human IGF-IR,has been developed to

antagonizeIGF-IRsignaling((LuXieetal.,2017)

Conclusion

Foradvancedosteosarcoma,duetoitsincreasedmutationburdenandintratumor

heterogeneity,therapybased on comprehensive molecularprofiling hasnotbeen

successfully proven.Atpresent,anti-angiogenesis TKIs showed promising initial

resultsforthisgroupofpatientscomparedtoothersecond-linechemotherapy,butthe

resultsarestillnotsatisfactory.Basedonthelimitedoptionsofeffectiveagents,the

algorithm ofchoosingoptimaltargetdrugsisstillunderstudied.Theanti-angiogenesis

TKIstherapyofothersolidtumorsmayshedlightonthetreatmentforadvancedOS
(LuXieetal.,2017)
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