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Global Burden of Cancers Global Burden of Cancers 
Linked to Infections Linked to Infections ((ParkinParkin , 2006), 2006)

�� H. pylori (5.5%)H. pylori (5.5%)
�� HPV (5.2%)HPV (5.2%)
�� HBV and HCV (4.9%)HBV and HCV (4.9%)
�� EBV (1%)EBV (1%)
�� HIV and KSHV (0.9%)HIV and KSHV (0.9%)
�� Parasites, HTLVParasites, HTLV --1 (~0.1%)1 (~0.1%)



Infectious agents account for ~18% of all cancers and 

25% of cancers in the developing world



• Cervical cancer is the second most common cause of 

cancer among women, accounting for 273,000 deaths 

each year.

• Two billion people worldwide have hepatitis B infection –

a key cause of liver cancer. There are 600,000 new 

cases of liver cancer each year.

• In developing countries, H. pylori is found in 80-90% of 

the population.  H. pylori is a factor in 60% of the of the 

870,000 new cases of stomach cancer each year

Global Cancer Burden from Infections



OncogenesisOncogenesis



OncogenesisOncogenesis

SusceptibilitySusceptibility
ExposureExposure

Cumulative DNA damageCumulative DNA damage
Benign precursorsBenign precursors

MalignancyMalignancy
ProgressionProgression



OncogenesOncogenes -- ““ AcceleratorsAccelerators ””

�� HERHER--22 (EGF receptor) and breast cancer(EGF receptor) and breast cancer
�� HH--RASRAS (G protein) and lung cancer(G protein) and lung cancer
�� MycMyc (nuclear factor) and lymphoma(nuclear factor) and lymphoma



Tumor Suppressor Genes Tumor Suppressor Genes -- ““ BrakesBrakes ””

�� RB1RB1 -- retinoblastomaretinoblastoma
�� p53p53 -- many cancersmany cancers

Repair

Apoptosis or
“programmed
cell death”



Cancer and InfectionCancer and Infection





Cancer and InfectionCancer and Infection

�� Inflammation (cytokines, Inflammation (cytokines, TAMsTAMs ))
�� Cell proliferation (injury response)Cell proliferation (injury response)
�� Viral Viral oncogenesoncogenes
�� Role of cofactorsRole of cofactors
�� Genetic susceptibilityGenetic susceptibility



Pathogenesis of HIVPathogenesis of HIV



HIV ImmunityHIV Immunity

HIVHIV--11

Antigens

Control by 
IL2, IFN-gamma
CD4 T cells,
quiescent T cell 
activation

Acceleration by 
generalized T cell
activation; PD-1 
expression “fatigue”



““Presenting HIV RNA level Presenting HIV RNA level 
predicts the rate of CD4 cell predicts the rate of CD4 cell 
decline only minimally in untreated decline only minimally in untreated 
persons. Other factors, as yet persons. Other factors, as yet 
undefined, likely drive CD4 cell undefined, likely drive CD4 cell 
losses in HIV infection.losses in HIV infection.””

Rodriguez B, Rodriguez B, et alet al., JAMA 296:1498; 2006., JAMA 296:1498; 2006



HIV Evasive StrategiesHIV Evasive Strategies

HIVHIV--11

nef vif

CD4CD4 MHCMHC--II APOBEC APOBEC 

Depletion ofDepletion of Impaired Impaired DisruptsDisrupts
thymocytesthymocytes ,, T cell T cell cytosinecytosine
lymphoidlymphoid recognitionrecognition deaminasedeaminase
T cells T cells defensedefense







HIV/AIDS and CancerHIV/AIDS and Cancer

�� Activation of latent Activation of latent oncovirusoncovirus infectioninfection
�� Susceptibility to new infectionSusceptibility to new infection
�� Immune Immune ““ activationactivation ”” & inflammation& inflammation

�� Failure of Failure of ““ immune surveillanceimmune surveillance ””



HIV/AIDS Immunodeficiency (CD4 HIV/AIDS Immunodeficiency (CD4 
loss) and Cancerloss) and Cancer

�� Strong associationStrong association
�� KSKS
�� NHL (CNS, NHL (CNS, immunoblasticimmunoblastic ))
�� HD (OR 10)HD (OR 10)
�� ConjunctivalConjunctival cancer (OR 8cancer (OR 8 --13)13)
�� Anal cancer Anal cancer 

�� Weak/no associationWeak/no association
�� Cancer of cervixCancer of cervix
�� SeminomaSeminoma , lip, lip



Questions to be AddressedQuestions to be Addressed

�� Do Do ““spontaneousspontaneous”” tumors increase in tumors increase in 
HIV/AIDS?HIV/AIDS?

�� Do HIV associated tumors improve with Do HIV associated tumors improve with 
HAART?HAART?

�� If If ““yesyes”” is improvement due to immunity is improvement due to immunity 
to to oncovirusoncovirus or to or to ””immunosurveillanceimmunosurveillance””
of the tumor?of the tumor?
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Specific InfectionSpecific Infection --associated associated 
CancersCancers



LymphomaLymphoma













EBV InfectionEBV Infection

�� ~90% adults infected worldwide~90% adults infected worldwide
�� Transmitted by salivaTransmitted by saliva
�� Infants and children: Infants and children: 

asymptomatic or mild upper asymptomatic or mild upper 
respiratory illnessrespiratory illness

�� Adolescents and young adults: Adolescents and young adults: 
asymptomatic or infectious asymptomatic or infectious 
mononucleosis (~1/3)mononucleosis (~1/3)



EBVEBV--associated Conditionsassociated Conditions

No obvious immune suppression:No obvious immune suppression:
�� Infectious mononucleosisInfectious mononucleosis
�� HodgkinsHodgkins diseasedisease
�� BurkittsBurkitts lymphoma lymphoma 
�� Nasopharyngeal carcinomaNasopharyngeal carcinoma

Immune suppression: Immune suppression: 
�� Non Non HodgkinsHodgkins lymphoma (various types)lymphoma (various types)
�� LeiomyosarcomaLeiomyosarcoma
�� Oral hairy Oral hairy leukoplakialeukoplakia
�� XX--linked immunodeficiencylinked immunodeficiency







““There is no satisfactory explanation There is no satisfactory explanation 
of how EBV participates in the of how EBV participates in the 
pathogenesis of pathogenesis of BurkittBurkitt’’ss
lymphomalymphoma……

ThorleyThorley--Lawson & Gross, NEJM 350:13;2004Lawson & Gross, NEJM 350:13;2004





CofactorsCofactors : EBV : EBV -- Lymphoma and Lymphoma and 
Nasopharyngeal CarcinomaNasopharyngeal Carcinoma

�� Malaria (Malaria (BurkittBurkitt’’ss lymphoma)lymphoma)
�� Immune suppression (CNS, Immune suppression (CNS, 

immunoblasticimmunoblastic))
�� Age of exposure (Hodgkin)Age of exposure (Hodgkin)
�� MicroRNAMicroRNA

�� Genetic susceptibility (NPC)Genetic susceptibility (NPC)
�� Diet (NPC)Diet (NPC)



H. pylori and Stomach Cancer

H. pylori

Over 60% of stomach cancer worldwide is 
attributable to H. pylori infection; there is no 
apparent association with HIV













SchistosomaSchistosoma haematobiumhaematobium is is 
responsible for about 3% of responsible for about 3% of 
bladder cancer worldwide; there bladder cancer worldwide; there 
is no apparent association with is no apparent association with 
HIVHIV



KaposiKaposi ’’s Sarcomas Sarcoma



































Case Control Studies of KS in UgandaCase Control Studies of KS in Uganda

HIVHIV--positive positive 
�� Urban address, wealth markers, better Urban address, wealth markers, better 

education, travel, monogamous, STDseducation, travel, monogamous, STDs
�� Exposure to waterExposure to water

HIV negativeHIV negative
�� Wealth markers, travelWealth markers, travel
�� BarefootBarefoot



Cofactors: KSHV and Cofactors: KSHV and 
KaposiKaposi ’’s Sarcomas Sarcoma

�� SocioSocio--economiceconomic
�� Exposure (soil, water, weeds)Exposure (soil, water, weeds)
�� Injury, chronic inflammationInjury, chronic inflammation
�� Gender (hormone modifiers?)Gender (hormone modifiers?)
�� Tobacco (protective)Tobacco (protective)
�� Genetic susceptibility (MHC, Genetic susceptibility (MHC, xCRxCR

polymorphisms?)polymorphisms?)



AnoAno --Genital CancerGenital Cancer















Cofactors: HPV and Cofactors: HPV and 
AnoAno --genital Cancergenital Cancer

�� STDsSTDs
�� TobaccoTobacco
�� Genetic susceptibilityGenetic susceptibility



Liver CancerLiver Cancer









Cofactors: HBV, HCV and Cofactors: HBV, HCV and 
HepatocellularHepatocellular CarcinomaCarcinoma

�� AflatoxinAflatoxin (p53 signature)(p53 signature)
�� CirrhosisCirrhosis
�� Alcohol consumptionAlcohol consumption
�� Iron overloadIron overload





SquamousSquamous Carcinoma of Carcinoma of 
the Conjunctivathe Conjunctiva





HIV/AIDS in ResourceHIV/AIDS in Resource --Poor Poor 
CountriesCountries

�� Manpower Manpower 
�� TrainingTraining
�� Brain drainBrain drain

�� InfrastructureInfrastructure
�� TransportTransport
�� HygieneHygiene

�� Health CareHealth Care
�� Prevention servicesPrevention services
�� Rural/urban health systemsRural/urban health systems



““Grateful patients are few in Grateful patients are few in 
preventive medicine, where a preventive medicine, where a 
successful outcome is a nonsuccessful outcome is a non--
eventevent””

--GoeffreyGoeffrey Rose, 1992Rose, 1992




