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Background Aims Increasing evidence points toward a

role of hepatitis C virus HCV infection in the etiology of

malignant lymphomas However previous epidemiologicstudieswere limited in size to establish an association between HCV
infection and specific lymphoma subtypes We performed a

large multicenter casecontrol study to address this question

Methods The study comprised 5 European countries and

included newly diagnosed cases of any lymphoid malignancy

recruited between 1998 and 2004 Controls were matched to

cases by 5year age group sex and study center Inperson

interviews were conducted to collect data on demographic

medical and family history as well as environmental exposures

Serum samples of 1807 cases and 1788 controls excluding

human immunodeficiency virus positive and organtransplantationsubjects were screened for HCV infection using anenzymeimmunoassay Positive as well as randomly selectednegativesamples were subjected to HCV RNA detection and HCV
genotyping Results HCV infection was detected in 53 2.9
lymphoma cases and in 41 2.3 control subjects odds ratio

OR 1.42 95 confidence interval CI 0.93–2.15 Restricted

to individuals who tested positive for HCVRNA indicating

persistent infection and active viral replication the OR was

1.82 95 CI 1.13–2.91 In subtype specific analyses HCV
prevalence was associated with diffuse large Bcell lymphoma

OR 2.19 95 CI 1.23–3.91 but not with chronic lymphocytic

leukemia or follicular Hodgkin’s or Tcell lymphoma The

sample size was not sufficient to derive any conclusions for rare

lymphoma entities such as splenic marginal zone lymphoma

Conclusions These results support a model that chronic

HCV replication contributes to lymphomagenesis and establish

a specific role of HCV infection in the pathogenesis of diffuse

large Bcell lymphoma

Hepatitis
C virus HCV infection is estimated to affect

more than 170 million individuals worldwide1 70%–80
of whom become chronic carriers Some differences in HCV
prevalence have been identified ranging from below 1 in

Canada and Germany to slightly higher rates 1%–2.5 in the

United States Japan and Italy to more than 10 in Egypt

reviewed in Shepard et al2

Individuals with chronic HCV infection are at increased risk

of developing cirrhosis and hepatocellular carcinomaFurthermoreHCV is a well established risk factor oflymphoproliferativesyndromes such as type II mixed cryoglobulinemia3 Since

the early 1990s increasing evidence suggests a role of HCV
infection also in the etiology of malignant lymphoma reviewed

in Gisbert et al4 Matsuo et al5 Negri et al6 and Turner et al7

Two metaanalyses of epidemiologic studies on this topicreporteda 5 to 10fold increased risk of Bcell non Hodgkin’s

lymphoma BNHL associated with antiHCV seropositivity 4,5

In most studies 6 the odds ratio OR of BNHL for HCV
infection ranged between 2 and 4 Only a few prospective

studies have investigated the association between HCVinfectionand subsequent Bcell neoplasia 8–10 A prospective study

from Japan found an elevated risk of NHL among HCV infected

subjects 9 In a cohort of HCV infected patients in Sweden the

risk of NHL and multiple myeloma MM was significantly

increased with standardized incidence ratios of 1.9 and 2.5

respectively among individuals with more than 15 years of

infection supporting a role of HCV infection inlymphomagenesis10 However the association was greatly reduced whenhumanimmunodeficiency virus HIVpositive cases wereremovedData from an American cohort do not support a

substantial role of chronic HCV infection acquired during

young adulthood in the etiology of Bcell lymphoma however

the statistical power of this study was low 8

Lymphomas consist of a heterogeneous group of diseases

with likely differences in etiology11 In most previous studies

smallsample sizes or lack of information prevented an analysis

of the relationship between HCV and single lymphoma entities

The aim of this study was to evaluate the association between

HCV infection and development of the most frequentlymphomasubtypes within a large European multicentercasecontrolstudy whose participants were recruited from areas of

low as well as high prevalence for HCV

Materials and Methods

The EPILYMPH multicenter casecontrol study wascarriedout in 7 countries Germany Italy Spain Ireland France

Finland and Czech Republic from 1998 to 2004 Details of the

study design have been provided elsewhere 12 The presentanalysis
is restricted to 1836 cases and 1793 controls from France

Abbreviations used in this paper BNHL Bcell nonHodgkin’slymphomaDLBCL diffuse largeBcell lymphoma MM multiple myeloma
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Germany Ireland Italy and Spain with available serumsamples
Cases were defined as all consecutive patients of lymphoid

malignancy with an initial diagnosis during the study period

Cases were categorized according to the World HealthOrganization’sWHO classification for neoplastic diseases of the

lymphoid tissues and included all Bcell Tcell and natural

killer cell neoplasms including Hodgkin’s lymphoma HL 13

Subjects with a diagnosis of uncertain malignant potential such

as posttransplantation lymphoproliferative disorder ormonoclonalgammopathies of undetermined significance wereexcludedThe participation rate of cases ranged between 82 and

93 After exclusion of HIV infected individuals n 20 and

organ transplantation patients n 14 the final study group

included 1807 cases and 1788 controls

The distribution of the 1807 cases by major histologicentitieswas as follows 1405 Bcell lymphomas including 27precursorBcell lymphomas 221 MM 342 chronic lymphocytic

leukemias 392 diffuse large Bcell lymphomas DLBCL 210

follicular lymphomas 41 lymphoplasmacytoid lymphomas

and 172 other BNHL 101 Tcell lymphomas 239 HL 60

BNHL not otherwise specified and 2 NHL not otherwisespecified
In parallel with the recruitment of cases controls were drawn

randomly from population registers of the study regions in

Germany and Italy In the remaining countries controls were

recruited from the same hospital as cases In all instances

controls were frequency matched to the cases by age 5 years

sex and study center In the hospital based studies controls

were excluded if the main reason for the hospitalization at the

time of recruitment was cancer organ transplantation andor

systemic infection

Informed consent was obtained from all subjects prior to

enrollment and the institutional review boards of participating

centers approved the study The overall participation rate of

control subjects ranged between 60 and 96 for hospital

controls and 44 and 66 for population controlsStandardized
interviews following a common core protocol wereconductedby trained interviewers to collect data onsociodemographic

characteristics lifetime medical history of common
diseases family history of cancer and genetic diseases smoking

alcohol lifetime xray exposure regular use of medication

ultraviolet UV light exposure and lifetime occupationalhistory
All cases and controls were asked to provide a blood

sample for subsequent serologic and genetic investigations

Blood samples were fractionated aliquoted and stored at

80C For subsequent detection of HCV frozen sera were

shipped from the Irish French Italian German and Spanish

studies to a common laboratory

HCV Infection

Samples were screened for antiHCV antibodies with a

third generation enzyme linked immunosorbent assay ELISA
on the AXSYM system according to the manufacturer’sinstructionsAbbott Laboratories Wiesbaden Germany in thelaboratoryof the Department of Internal Medicine IV University

Hospital of Heidelberg Germany The assay detects antibodies

to putative structural core region and nonstructural proteins

of the HCV genome Its sensitivity is estimated to be 98.9 95
confidence interval CI 94%–100 in patients with chronic

liver disease with specificity of 97.2 95 CI 92%–99 in

panels of sera 14 In addition HCV RNA was measured with the

licensed Amplicor HCV version 2.0 Roche Diagnostics Basel

Switzerland with a lower limit of detection of 50 IUL HCV
RNA testing was carried out on all seropositive samples and a

random sample of antiHCV negative sera n 954 HCV
infection was defined as a positive test for either antiHCV or

HCV RNA In a second analysis risk associated with persistent

HCV infection defined by the detection of HCV RNA was

evaluated Borderline serologic values were considered negative

for HCV infection unless HCV RNA was detected Genotyping

was carried out using the Innogenetics Line ProbeInnogeneticsZwijndrecht Belgium

Statistical Analyses

Relative risk was estimated by OR and associated 95
CI using the SAS procedure LOGISTIC for unconditionallogisticregression All models were adjusted by age continuous

sex and center of diagnosis The logistic analysis for lymphoma

entities was performed by comparing the respective cases

against all controls adjusting for age sex and center ofdiagnosisand excluding the other lymphoma entities Test ofheterogeneitywas conducted using the likelihood ratio teststatistics
for interaction between HCV infection and the variable of

interest country age sex performed with the SAS procedure

GENMOD The analysis was conducted using the Statistical

Software Analysis SAS version 9 SAS Institute Inc Cary NC

Results

Sociodemographic characteristics of our studypopulation
tested for HCV infection and the distribution of their

reported lifetime history of blood transfusion and illicit drug

use are summarized in Table 1 Cases and controls were similar

in terms of sex age study center education and intravenous

drug use They differed in relation to transfusion history with

more controls than cases having reported a blood transfusion

up to 2 years prior to the date of interview and before 1990

When blood transfusions until the date of interview wereconsideredthe difference was less pronounced

In total 94 individuals 2.6 had a positive enzymeimmunoassay
for HCV antibodies and 76 subjects 2.1 tested

positive for HCV RNA by Amplicor Of 954 antiHCVnegative

subjects tested for viral RNA 1 individual was HCV RNA
positive HCV prevalence among the controls ranged from

0.75 in Germany to 4.11 in Italy The respective HCVprevalence
for France Ireland and Spain were 1.74 1.47 and

3.69 see Table 2 When examining HCV prevalence inrelationto predictors of HCV status among the controls illicit drug

use OR 14.1 95 CI 2.56 –78.19 and transfusion history

before 1990 OR 4.06 95 CI 1.99 –8.27 but not transfusion

history in 1990 and thereafter were associated with a positive

test Table 2 HCV prevalence shows an inverse trend with

educational level P trend 01 More HCV positiveindividuals78.1 than HCV negative individuals 50.9 reported a

low educational level HCV status did not correlate with sex and

age More lymphoma cases n 51 2.88 than controls n
31 1.76 reported a history of hepatitis B infection OR 1.75

95 CI 1.11–2.77 data not shown
HCV infection defined as a positive test for antiHCV or

HCV RNA n 94 was associated with an increased risk for all

lymphomas combined OR 1.42 95 CI 0.93–2.15 Table 3
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A statistically significant association between HCV infection

and lymphoma was seen when only those subjects withdetectableHCV RNA were considered Presence of this marker of

persistent and actively replicating HCV was associated with an

OR of 1.82 95 CI 1.13–2.91 P value 013
In stratified analyses the OR of lymphoma for HCVprevalencewas similar among men and women P value for test of

heterogeneity 832 but it was elevated in subjects aged 55

years or more OR 1.63 95 CI 1.02–2.61 P value 040 but

not in younger subjects OR 0.63 95 CI 0.22–1.76 P value

377 P value for test of heterogeneity 178 Table 3
Presence of HCV RNA was consistently associated with a 1.6 to

2.3 fold increased risk of lymphoma in all participatingcountriesalthough numbers in individual countries were smalland

risks not statistically significant Adjustments by education

reported history of hepatitis B drug use transfusion history

and time since blood transfusion had only a marginal effect on

the risk estimates data not shown In subtypespecificanalysesthe elevated OR for lymphoma overall in relation to HCV
RNA was largely explained by the association with Bcelllymphomasbut not with the risk of Tcell and Hodgkin’slymphomasTable 4

DLBCL was the lymphoma subtype most clearly associated

with indicators of HCV infection The presence of antiHCV
and HCV RNA were both associated with a statisticallysignificant2.2 fold 95 CI 1.23–3.91 and 3.3 fold 95 CI 1.79 –

6.11 increased DLBCL risk Based on only a few cases HCV
infection increased the risk of marginal zone lymphoma OR
2.42 95 CI 0.71–8.28 lymphoplasmacytoid lymphoma OR

2.97 95 CI 0.65–13.59 and Bcell lymphoma with other

unknown histology OR 6.88 95 CI 2.19 –21.68 but not that

of follicular lymphoma OR 0.74 95 CI 0.17–3.15 chronic

lymphocytic leukemia OR 1.41 95 CI 0.62–3.17 or MM
OR 1.57 95 CI 0.59 –4.20 None of the subjects diagnosed

with a precursor Bcell lymphoma and lymphoma not otherwise

specified were HCV infected data not shown
The distribution of HCV genotypes among cases andcontrols

is summarized in Table 5 HCV genotypes 1a 1b 2 2ac
3a 4cd and 5a were found Genotype 1b was the mostprevalent

resulting in a 2.6 fold increased risk of lymphoma 95
CI 1.38 –4.74 Among the rare genotypes genotype 2 was

associated with a 4.2 fold elevated risk 95 CI 0.88 –19.96

Discussion

This study is the largest casecontrol study that has

explored the relationship between indicators of HCV infection

and lymphoma risk to date Our results show a 2fold increased

risk for BNHL and in particular a greater than 3fold elevated

risk for DLBCL in relation to HCV RNA We found no evidence

for a role of HCV infection in the etiology of Tcell lymphoma

follicular lymphoma and Hodgkin’s lymphoma The sample

size was not sufficient to explore the very rare lymphoma

subgroups such as splenic marginal zone lymphoma The

strengths of this study lie in its size its multicenter approach

involving data from 5 European countries with large differences

in HCV prevalence and the confirmation of all antiHCVpositive
cases by HCV RNA detection

Table 1 Characteristics of the Study Population

Category Cases n 1807 Controls n 1788 P value

Sex

Male 1011 56.0 957 53.5 14
Female 796 44.1 831 46.5

Age at interview ya

30 142 7.9 135 7.6 45
30 40 167 9.2 188 10.5

40 50 216 12.0 223 12.5

50 60 335 18.5 324 18.1

60 70 492 27.2 483 27.0

70 80 401 22.2 381 21.3

80 53 2.9 54 3.0

Educationb

Low 914 50.8 920 51.5 69
Medium 639 35.5 625 35.0

High 248 13.8 242 13.5

Countries

France 275 15.2 172 9.6 22
Ireland 148 8.2 136 7.6

Italy 198 11.0 219 12.3

Germany 681 37.7 664 37.1

Spain 505 28.0 597 33.4

Ever intravenous drug usec 5 0.3 9 0.5 28
Ever transfusion 319 17.9 354 19.9 12
Ever transfusion 2 years before interviewd 192 10.8 245 13.8 006
Ever transfusion before 1990d 129 7.2 177 10.0 004

aN 1 missing

bN 7 missing

cN 20 missing

dN 35 missing
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An approximately 2fold elevated risk for lymphoma among
HCV RNA positive subjects was seen albeit not statistically

significant in all countries except Ireland where noHCVpositive
cases and 2 HCV positive controls were detected

regardless

of the geographic differences in HCV prevalence

among the controls This result supports the specificity of the

observed association One potential weakness is the inclusion of

hospital controls Our study included population based and

Table 2 OR of Lymphoma for HCV Infection

Anti HCV or HCV RNA

Cases Controls HCV RNA

Total HCV ORab 95 CI

Prevalence

Total HCV

Prevalence Cases

controls ORa b 95 CI

Total 1807 53 2.93 1788 41 2.29 1.42 0.93 2.15 4729 1.82 1.13 2.91

Country

France 275 3 1.09 172 3 1.74 0.61 0.12 3.06 31 1.91 0.20 18.6

Germany 681 7 1.03 664 5 0.75 1.38 0.44 4.39 73 2.32 0.60 9.01

Ireland 148 — — 136 2 1.47 — — — — —
Italy 198 13 6.57 219 9 4.11 1.76 0.73 4.26 127 2.13 0.81 5.60

Spain 505 30 5.94 597 22 3.69 1.57 0.89 2.76 2518 1.60 0.86 2.97

Sex

Male 1011 27 2.67 957 21 2.19 1.31 0.73 2.35 2413 1.99 1.00 3.95

Female 796 26 3.27 831 20 2.41 1.58 0.87 2.88 2316 1.73 0.90 3.33

Age at interview y

55 673 6 0.89 707 10 1.41 0.63 0.22 1.76 68 0.81 0.28 2.38

55 1134 47 4.14 1081 31 2.87 1.63 1.02 2.61 4121 2.14 1.25 3.68

NOTE Excluding HIVpositive and transplantation individuals

aAdjusted for country and when appropriate age continuous and sex

bHCVnegative subjects taken as reference category

Table 3 OR and Corresponding 95 CI for HCV Positivity Among the Controls

Category HCV positive n 41 HCV negative n 1747 ORa 95 CI P value

Sex

Male 21 51.2 936 53.6

Female 20 48.8 811 46.4

Age at interview y

45 8 19.5 421 24.1 1 ref

45 55 2 4.9 276 15.8 0.36 0.08 1.72 199
55 65 9 22.0 376 21.5 1.26 0.48 3.31 645

65 22 53.7 674 38.6 1.64 0.72 3.74 238
Educationb

Low 32 78.1 888 50.9 2.49 0.99 6.26 053
Medium 8 19.5 617 35.3 1 ref

High 1 2.4 241 13.8 0.34 0.04 2.80 318
IV drug useb

No 39 95.1 1737 99.6 1 ref

Yes 2 4.9 7 0.4 14.14 2.56 78.19 002
Blood transfusionb

No 26 63.4 1396 80.5 1 ref

Yes 15 36.6 339 19.5 2.05 1.05 4.00 036
Year of transfusionb

Before 1990 13 31.7 164 9.5 4.06 1.99 8.27 c 001
In or after 1990 2 4.9 175 10.1 0.47 0.11 2.04 c 314

Reported history of hepatitis Bb

No 36 90.0 1694 98.4 1 ref

Yes 4 10.0 27 1.6 5.43 1.74 17.0 004
Reported history of hepatitis other than Bb

No 24 58.5 1625 93.7 1 ref

Yes 17 41.5 109 6.3 14.23 7.09 28.54 001

aAdjusted for country and when appropriate age continuous and sex

bNumbers do not add up to 1788 because of missing information on these variables

cNo transfusion taken as reference
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hospital based controls at almost equal proportions 49 vs

51 respectively An elevated risk of lymphoma overall and

DLBCL in particular for individuals with measured HCV RNA
has been found in the population based Germany Italy OR of

all lymphomas 2.12 95 CI 0.97–4.64 as well ashospitalbasedFrance Ireland Spain OR 1.60 95 CI 0.90 –2.98

study populations P value for test of heterogeneity P 746
Overall regardless of population based and hospital basedsamplingof cases and controls HCV infection was consistently

associated with Bcell lymphoma in our study Our results are

in line with results from several recent casecontrol studies15–
17

and further evidence from previous cohort and casecontrol

studies as summarized in reviews on this topic 5–7

The comparison of our results on lymphoma subtypes with

data from other studies is hampered by the fact that most

previous studies were either too small to allow an entity specific

analysis or were not based on the WHO classification oflymphoidneoplasms However our results are in agreement with

several studies mainly from Italy that also found an association

of HCV with DLBCL 15,18 –21 with marginal zonelymphoma18,19,21 and with lymphoplasmacytoid lymphoma 20–22

We and others15 did not confirm the association of HCVinfectionwith follicular lymphoma as was reported by Morton et al16

Engels et al17 and Luppi et al19 Other lymphoma subtypes

which do not originate from germinal center or postgerminal

center B cells such as mantle cell NHL Burkitt’s lymphoma

Tcell lymphoma and HL however were not consistently

linked to HCV infection The lack of an association with these

entities is in line with the notion that proliferation of specific

Bcell clones because of chronic antigenic stimulation sustained

by HCV is the likely mechanism that drives the HCVmediated

pathogenesis of Bcell lymphoma in particular marginal zone

lymphoma and DLBCL In fact the observed elevated risk in

association with HCV infection is restricted to these entities in

this study population

Chronic infection with HCV is strongly associated with

mixed cryoglobulinemia type II which may evolve into an overt

lymphoma in some patients 23–25 Increasing evidence indicates

that marginal zone lymphoma of mucosaassociated lymphoid

tissue MALT nodal and splenic types are associated with

chronic antigenic stimulation by autoantigens andor bacterial

or viral pathogens Of these Helicobacter pylori is thebestcharacterized
infectious agent and has repeatedly beenassociatedwith gastric MALT lymphoma 26 In line with studies that

demonstrated a regression of these tumors in the course of

HCV therapy 27 we and others18,19,21 found some evidence for a

Table 4 OR of Lymphoma Subtypes for HCV Infection

Lymphoma typea

Anti HCV or HCV RNA HCV RNA

CasesControls ORb c 95 CI P value CasesControls ORbc 95 CI P value

Tcell lymphoma n 101 241 0.88 0.21 3.74 864 229 1.29 0.30 5.55 37
Hodgkin’s lymphoma n 239 341 0.97 0.27 3.48 963 229 0.92 0.20 4.30 915

Bcell lymphoma n 1465 4841 1.46 0.95 2.24 086 4329 1.91 1.18 3.09 009

DLBCL n 392 1841 2.19 1.23 3.91 008 1829 3.30 1.79 6.11 0001

FL n 210 241 0.50 0.12 2.08 338 229 0.74 0.17 3.15 679

CLL n 342 1041 1.16 0.56 2.38 689 829 1.41 0.62 3.17 410

MM n 221 741 1.40 0.61 3.24 427 529 1.57 0.59 4.20 367

LPL n 41 241 1.94 0.43 8.66 388 229 2.97 0.65 13.59 162

Other Bcell lymphoma n 172 441 1.03 0.36 2.93 959 429 1.47 0.50 4.28 483

Splenic marginal zone lymphoma n 35 141 0.83 0.11 6.35 861 129 1.13 0.15 8.72 907

Other marginal zone lymphoma n 77 341 1.76 0.52 5.91 362 329 2.42 0.71 8.28 160

BNOS n 60 541 4.65 1.66 12.97 003 429 6.88 2.19 21.68 001

NOTE Excluding HIVpositive and transplantation individuals

BNOS Bcell non Hodgkin’s lymphoma not otherwise specified CLL chronic lymphocytic leukemia DLBCL diffuse large Bcell lymphoma FL

follicular lymphoma LPL lymphoplasmacytoid lymphoma MM multiple myeloma

aNone of 27 cases of precursor Bcell lymphoma and none of 2 cases of not otherwise specified lymphoma were HCV infected

bAdjusted for country age continuous and sex

cHCVnegative subjects taken as reference category

Table 5 HCV Genotype Distribution Among Cases and Controls

Cases n Controls n ORa b 95 CI P value

HCV genotype

1a 1 1.9 5 12.2 0.26 0.05 –1.29 104
1b 33 62.3 15 36.6 2.55 1.38 –4.74 003
2 8 15.1 2 4.9 4.19 0.88 –19.96 72
3a 1 1.9 0 — —
4c d 0 2 4.9 — —
5a 1 1.9 0 — —
Missing 3 5

aAdjusted for age continuous sex and country

bHCVnegative subjects taken as reference category
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role of chronic HCV infection in the etiology of marginal zone

lymphoma however numbers were too small to provideconvincingevidence Pooling of data from recently conductedepidemiologiccasecontrol studies with available data on H pylori

status will clarify whether HCV is the infectious agent driving

the pathogenesis of H pylori–negative marginal zonelymphomas
The most important finding of this large study is thesignificant

association of HCV infection with DLBCL HCV does not

integrate into host genomes and does not contain an obvious

oncogene and the exact pathogenetic mechanism through

which the virus may lead to malignant transformation of Bcells

is still unclear HCV envelope protein E2 has been shown to

bind to CD81 which is expressed on Bcells
28 and to the Bcell

receptor of HCV associated lymphomas 29 thereby activating

the intracellular signalling of Bcells Chronic stimulation of B
cells leading to polyclonal and later to monoclonal expansion

of these immunoglobulin secreting cells then leaves thispopulationof cells prone to malignant transforming mutational

events

Recently it was shown that HCV infection activates the

immunologic isoform of nitric oxide synthase and induces

nitric oxide NO production in Bcells 30 NO is a potentinducerof DNA breaks and was shown to enhance mutation

frequencies of cellular genes Acute and chronic HCV infection

induces a mutator phenotype with a substantial increase in

mutation frequency in Ig heavy chain BCL6 TP53 andcateningenes in vitro
31

Interestingly BCL 6 encoding atranscriptionalrepressor required for germinal center formation is the

hallmark gene affected by translocations and mutationsspecificallyin DLBCL the lymphoma subtype most stronglyassociatedwith HCV infection in this study11 Other evidencesupportsthe role of HCV core proteins in activation of the nuclear

factor B pathway 32 in inducing reactive oxygen species33 and

in impacting on the apoptotic pathway 34

HCV RNA was more strongly associated with lymphoma

than antiHCV antibodies This may be related to an impaired

antibody production among patients that results in anunderestimationof the role of HCV in the pathogenesis oflymphomasThis also indicates that chronic rather than cleared HCV
infection is required for lymphomagensis consistent with the

idea that chronic antigenic stimulation driven by chronicinfection
leads to lymphoma Furthermore the strongerassociationwith HCV RNA may also suggest a more efficient clearing

of the virus among the controls It will be interesting toinvestigateto what extent host factors that control the natural

course of HCV infection modulate lymphoma risk amongHCVinfectedindividuals Candidate genes such as tumour necrosis

factor TNF and interleukin 10 IL10 have already been

shown to affect natural clearance and recovery from HCV35–37

Interestingly some of these have also been identified aspredisposing
factors for lymphomas particularly for DLBCL 38–40

HIV 1 infection is a wellrecognized risk factor for NHL
Many individuals infected with HIV 1 are coinfected with

HCV41 To exclude the possibility that HCV was only associated

with lymphoma risk because of coinfection with HIV 1individualswith a positive HIV 1 test were excluded from the

analysis In the context of this epidemiologic study theindividualswere not systematically screened for HIV1 However

cases were tested for HIV 1 in the course of their diagnosis It

cannot be excluded that among the controls some may have

been infected by HIV1 If anything this may have led to an

underestimation of the true association between HCV andlymphomaIn the largest cohort study of HIV1positiveindividuals
in Europe HCV infection was not associated with systemic

HIV associated NHL 42 HCV has not been shown to increase

NHL risk among HIV positive individuals 43 Following thehypothesizedmechanism of chronic antigen stimulationtriggeringlymphomagenesis an effect of HCV infection inimmunocompromisedpatients such as HIV positive subjects was

indeed not expected

Many previous epidemiologic studies did not consider HCV
genotypes in their evaluations Therefore data linking specific

HCV genotypes with lymphomas have been scarce Someevidence
for a role of genotype 2 with lymphomas has been

presented 15,22 Other studies however did not support this

finding 44 We found an accumulation of genotypes 1bstatistically
significant and 2 among the cases whereas genotype 1a

was overrepresented among the controls Whether the various

HCV genotypes differ in their oncogenic potential wouldrequire
further mechanistic research and an even larger study

than ours

The evidence from epidemiologic studies is strengthened by

clinical data showing a regression of lymphoma after successful

treatment of HCV infection 27,45,46 In a recent systematic review

including data from therapeutic studies in which interferon

was administered to patients with lymphoproliferativedisordersa complete remission of this disorder was achieved in 75
of the cases 45 Nonsplenic marginal zone lymphomas showed

the same effect
46 These data including ours collectivelysupporta positive association between HCV infection and Bcell

lymphoma and a role of viral replication in lymphomagenesis

However a few questions remain including the exactmechanismhow HCV exerts its oncogenic potential the specificity of

the association with lymphoma subtypes and the role of host

and viral factors contributing to the pathogenesis ofHCVrelatedlymphoma
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