
 

 

Hepatitis B virus (HBV) 
 
HBV structure and replication 
 
HBV is a small DNA virus, prototype of the 
Hepadnaviridae family. HBV is classified into 
eight genotypes, A to H [1, 2]. Each genotype 
has a distinct geographic distribution. The infec-
tious HBV virion (Dane particle) has a spherical, 
double-shelled structure 42 nm in diameter, 
consisting of a lipid envelope containing hepati-
tis B surface antigen (HBsAg) that surrounds an 
inner nucleocapsid composed of hepatitis B 
core antigen (HBcAg) complexed with virally 
encoded polymerase and the viral DNA genome. 
The genome of HBV is a partially double-
stranded circular DNA. The viral genome en-

codes four overlapping open reading frames 
(ORFs: S, C, P, and X). The S ORF encodes the 
viral surface envelope protein, HBsAg, and can 
be structurally and functionally divided into the 
pre-S1, pre-S2, and S regions. The core or C 
gene encodes the precore and core regions. 
Multiple in-frame translation initiation codons 
are a feature of the S and C genes, which give 
rise to related but functionally distinct proteins. 
The C ORF encodes either the viral nucleocap-
sid HBcAg or hepatitis B e antigen (HBeAg) de-
pending on whether translation is initiated from 
the core or precore regions, respectively. The 
polymerase is a large protein (about 800 amino 
acids) encoded by the P ORF. It encompasses a 
reverse transcriptase domain, which catalyzes 
genome synthesis, and a ribonuclease H      
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Abstract: Epidemiological studies performed over the last decade have demonstrated a positive association between 
persistent, hepatitis B surface antigen (HBsAg)-positive hepatitis B virus (HBV) infection and B-cell non-Hodgkin lym-
phoma (NHL), with HBV-infected patients having a 2-3-fold higher risk to develop NHL than non-infected patients. 
Moreover, there is evidence that also occult HBV infection (HBsAg-negative, HBV DNA-positive) associates with NHL. 
An association with HBV infection may exist also for other hematological malignancies, but available evidence is 
much less persuasive than for NHL. In this review article we will discuss available results on the association between 
HBsAg-positive HBV infection and NHL, as well as the significance of other serological markers of HBV infection in 
these subjects. We will also discuss the possible etiopathogenic role of HBV, and propose a multifactorial model for 
lymphomagenesis. Experimental evidence for multifactorial etiopathogenesis has been obtained in recent years for 
HBV-associated hepatocellular carcinoma (HCC), and we suggest that a similar model may apply to HBV-associated 
lymphoma as well. Eventually, we will also address some unresolved questions. Two of these are of particular rele-
vance. First, do HBV-positive NHL patients show regression of their hematologic malignancy upon antiviral therapy? A 
positive answer would represent a direct demonstration of the necessary etiological role of the virus in the develop-
ment of NHL, as has been shown previously for HCV-associated lymphomas. Second, if HBV plays a necessary role in 
lymphomagenesis, then expansion of HBV vaccination is expected to reduce the number of incident NHL cases, even 
though this effect might become evident only after a long time interval. Studies in those countries which have intro-
duced universal HBV vaccination about two decades ago, like Italy, may soon provide results on this important point. 
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domain, which degrades pregenomic RNA and 
facilitates replication. The HBV X ORF encodes a 
16.5-kd protein which is necessary for produc-
tive HBV infection in vivo and may contribute to 
the oncogenic potential of HBV. HBV replicates 
through a RNA intermediate and can integrate 
into the host genome. During replication, HBV 
undergoes transformation into covalently closed 
circular DNA (cccDNA), which serves as tem-
plate for transcription of various viral RNAs and 
is a stable component of the replication cycle. 
For this reason, detection of cccDNA intermedi-
ates is important because it identifies HBV repli-
cation in infected cells. 
 
Lymphotropism of HBV 
 
HBV is by definition a hepatotropic virus be-
cause it replicates within hepatocytes. In the 
present setting and in view of a possible etio-
logic role of HBV in lymphoma development, it is 
important to know whether HBV can infect and 
replicate also in hematopoietic and lymphoid 
cells. Indeed, there is a large number of experi-
mental findings in favor of this possibility. Thus, 
extrahepatic sites of HBV are known to exist [3], 
and HBV nucleic acids have been demonstrated 
in lymph nodes, spleen, gonads, thyroid gland, 
kidneys, pancreas and adrenal glands from pa-
tients with acute HBV infection [4]. As regards 
lymphocytes and related cell types, HBV binds 
to peripheral blood mononuclear cells (PBMC) 
[5], and infects hematopoietic cells and their 
progenitors [6, 7]. In fact, HBV DNA has been 
found in all major PBMC subpopulations in 
acute and chronic HBV infections [8, 9], and in 
patients with a diverse spectrum of serological 
profiles related to HBV infection [10-13]. HBV 
DNA replicative intermediates, HBV mRNAs, and 
expression of HBV-specific proteins - HBsAg and 
HBcAg - have been detected in PBMCs [14-17]. 
HBV infection of PBMCs has been demonstrated 
even in the absence of concomitant liver infec-
tion [18], and PBMCs have been shown to har-
bor HBV DNA for prolonged periods [19]. These 
observations have suggested that the lymphoid 
system is an important reservoir of HBV [20]. 
Eventually, HBV DNA integration in PBMCs has 
also been demonstrated [8, 21, 22].  
 
Occult HBV infection 
 
As will be discussed in more detail in the follow-
ing sections, occult HBV infection plays a still ill-
defined, but possibly significant role in lym-

phomagenesis. Occult HBV infection occurs in 
subjects who are HBsAg-negative, but positive 
for HBV DNA. Most of these subjects are posi-
tive for anti-HBc (so-called “anti-HBc alone”), 
but some have been found to be positive for 
anti-HBc and/or anti-HBs, or even seronegative 
for all HBV markers [23, 24]. Some of these 
patients have underlying liver disease, sugges-
tive of ongoing hepatocellular injury from persis-
tent HBV infection. In fact, existing evidence 
supports the notion that occult HBV infection 
indicates low-level viral replication, which may 
be responsible for viral transmission. Thus, it 
has been demonstrated that HBV DNA can per-
sist in the serum and PBMCs of patients for up 
to 70 months after complete clinical, biochemi-
cal, and serological recovery from acute viral 
hepatitis [25]. Moreover, HBV DNA may persist 
in the liver even after disappearance of HBV 
DNA from serum, or in the presence of low lev-
els of circulating HBV DNA [26-28]. Thus, Maru-
sawa et al [29] reported that 13 of 14 healthy 
donors, serologically negative for HBsAg but 
positive for anti-HBc, had detectable HBV DNA 
in their liver specimens. The HBV genomes from 
these subjects included the replication interme-
diate of HBV. Livers from these donors, in par-
ticular from anti-HBc-positive donors, can lead 
to the development of hepatitis B in liver trans-
plant recipients [27, 30, 31]. Overall, complete 
HBV eradication is now considered to be a rare 
event, if it occurs at all; a replication-competent 
HBV DNA probably persists in the liver or lym-
phocytes or both for many years or even life-
long. 
 
Association of HBV infection with B-cell non-
Hodgkin lymphoma (NHL) 
 
Association of persistent HBsAg-positive HBV 
infection with NHL 
 
The association of HBV infection with NHL 
(which, unless otherwise stated, will always re-
fer to B-cell NHL in this review), as determined 
by persistent, serological HBsAg positivity, has 
been studied much less intensively than HCV 
infection. The association of HCV infection with 
NHL has now been investigated and confirmed 
in a large number of case-control and cohort 
studies [e.g. 32, 33]. This is somehow surprising 
because the first report suggesting an associa-
tion between HBV infection and chronic lym-
phoproliferative disorders dates much earlier 
than the first reports on the association        
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between HCV infection and NHL. Thus, Heimann 
et al [34] studied 23 patients with chronic lym-
phoproliferative disorders among whom a high 
incidence of cirrhoses had been observed. 
Eleven cases were considered immunocytomas, 
and six of them showed cirrhosis of the liver. 
Three of the 6 patients suffering from both cir-
rhosis and immunocytoma were HBsAg-positive. 
The authors concluded from these observations 
that the association between HBV infection and 
cirrhosis on the one hand and chronic lym-
phoproliferative disorders on the other may not 
be purely coincidental. A subsequent piece of 
evidence in favor of this possibility was brought 
only 17 years later [35], but still at the same 
time when the first reports on the association 
between HCV infection and NHL were published 
[36, 37]. Interestingly, Galun et al [35] per-
formed their work starting from the explicit as-
sumption that the lymphotropism of HBV might 
lead to neoplastic transformation. These au-
thors retrospectively identified 22 patients who 
were HBsAg-positive and had extrahepatic ma-
lignancies. The patients had 25 tumors, of 
which 22 were bone marrow-derived.  
 
After these initial studies, still another decade 
had to elapse before the first case-control study 
on the association between HBV infection and 
NHL was published [38]. In this study, 222 pa-
tients with newly diagnosed NHL were recruited, 
as well as 883 patients with non-hematological 
malignancies or non-malignant conditions. 
HBsAg was positive in 28 of 222 patients 
(12.6%) with NHL compared to 53 of 883 (6%) 
in controls. Adjusted odds ratio (OR) for the as-
sociation between HBV infection and NHL was 
3.30 [95% confidence interval (CI): 1.69-6.45)].  
 
In the following, a large number of retrospective 
or prospective, case-control or cohort studies 
[39-51], as well as one meta-analysis [52] have 
been published. The large majority of these 
studies confirmed a positive association be-
tween HBV infection and NHL. To the best of our 
knowledge, only two articles did not. In the first, 
Anderson et al [53] selected from the U.S. Sur-
veillance, Epidemiology, and End Results-
Medicare database 61,464 cases with hemato-
poietic malignancies and 122,531 population-
based, matched controls. HBV was not related 
to any hematopoietic malignancy. The preva-
lence of HBV infection in the control population, 
however, was very low (0.2%). As has been ob-
served for HCV [33], at these extremely low lev-

els of HBV prevalence in the general population, 
a positive association with NHL becomes detect-
able only when very large cohorts are investi-
gated. The second article [54] reported a case-
control study in eight European countries, that 
included 739 incident cases of NHL, 238 of 
multiple myeloma (MM), 46 of Hodgkin’s lym-
phoma (HL), and 2,028 matched controls. Non-
significant associations were found with HBsAg-
positivity for NHL, MM, and HL. A significant 
association, however, was observed between 
HBsAg-positivity and the combination of NHL, 
MM, and HL (OR, 2.21; CI, 1.12-4.33). Also this 
study included subjects from countries with very 
low prevalence of HBV infection. It is likely that 
combination of the three lymphoid malignancies 
allowed to achieve a threshold number of cases 
that yielded an OR with CIs that did no longer 
overlap null values. 
 
Some authors found in their studies that HBV 
infection was associated with a significantly 
earlier disease (NHL) onset. Thus, Kim et al [38] 
found that the HBsAg-positive rate was consis-
tently higher for NHL patients in every age 
group, but the risk of NHL was most evident in 
the younger HBsAg-positive groups. Wang et al 
[45] found a median age of 44.5 years for 
HBsAg-positive NHL patients versus 54 years for 
HBsAg-negative patients. On the other hand, 
Lim et al [43] observed a higher prevalence of 
HBV infection in all age groups. 
 
The impact of HBV infection on the clinical 
course and prognosis of NHL has been investi-
gated by Wang et al [55]. In their retrospective 
study, diffuse large B-cell lymphoma (DLBCL) 
patients were divided into two groups, HBsAg-
positive and -negative. The HBsAg-positive pa-
tients were further divided in two subgroups 
based on their hepatic function during chemo-
therapy. Compared with the HBsAg-negative 
group, the HBsAg-positive DLBCL group dis-
played a younger median onset age, and more 
frequent hepatic dysfunction before and during 
chemotherapy. However, in both groups the 
median overall survival (OS) duration and re-
sponse rates were similar. Lim et al [43] found 
that the characteristics of HBV-infected patients 
with lymphoma were similar to those who were 
HBV-uninfected, including complete remission 
rate and OS. 
 
While the overall association between HBV in-
fection and NHL seems to be firmly established, 



HBV infection and B-cell NHL  

 
 
21                                                                                                                     Am J Blood Res 2012;2(1):18-28 

results are much less conclusive as regards 
NHL subtypes. Thus, most studies did not find 
an association between HBV infection and T-cell 
NHL, a much rarer entity than NHL [38, 45, 46, 
49], but some exceptions have been reported 
[50, 51]. Marcucci et al [42] found a similar 
prevalence of HBsAg positivity in patients that 
differed in the clinical course (indolent or ag-
gressive) of NHL. For different histological sub-
types of NHL, Engels et al [49] found that HBsAg 
positivity was associated with increased risk of 
DLBCL, and other or unknown subtypes, but not 
with follicular lymphoma. Wang et al [45] and 
Kang et al [50] did not find a significant differ-
ence in HBsAg positivity among different histo-
logical subtypes. The scarcity of the data did not 
allow Nath et al [52] to perform a meta-analysis 
on histological NHL subtypes. 
 
Association of other markers of HBV infection 
with NHL 
 
It is somehow surprising to note that most arti-
cles published on the association between HBV 
infection and NHL rest on the serological detec-
tion of HBsAg. This is unfortunate because the 
complete profiling of antigen and antibody 
markers of HBV infection is very informative to 
discriminate between different forms of hepati-
tis, and it is reasonable to assume that such 
profiling would be informative also in the pre-
sent setting. Nevertheless, the few results that 
have been reported in the literature are interest-
ing and will be summarized in detail in the fol-
lowing sections. 
 
Association of anti-HBs antibodies with NHL 
 
Marcucci et al [42] found in an Italian, hospital-
based case-control study, a significantly lower 
number of anti-HBs-positive, anti-HBc-negative 
patients among NHL cases than controls. Also 
Wang et al [45] found significantly lower rates 
of anti-HBs-positive, anti-HBc-negative patients 
among cases than controls. Since information 
on the vaccination status of the patients had 
not been collected in either study, it could not 
be excluded that this result was due to a higher 
prevalence of vaccinated individuals among 
controls. An alternative explanation, however, is 
that an anti-HBs response, in the absence of 
anti-HBc (“anti-HBs alone”), might have been 
especially effective in the control of HBV replica-
tion in lymphoid cells, thereby preventing any 
contribution of HBV to neoplastic transforma-

tion. In fact, an anti-HBs-positive, anti-HBc-
negative status in non-vaccinated individuals 
suggests successful clearance of HBV infection 
and establishment of effective anti-HBV immu-
nity [45]. In contrast to these results, Kim et al 
[38] found no significant differences in the anti-
HBs-positive rates for the three groups exam-
ined in their study (NHL patients, patients with 
non-hematological malignancies, and subjects 
with non-malignant conditions). This important 
point needs clarification because the confirma-
tion of an “anti-HBs alone” response being ef-
fective in protecting from HBV-induced lym-
phomagenesis would represent a further stimu-
lus in accelerating and promoting anti-HBV vac-
cination, in particular in those areas where HBV 
infection is endemic. 
 
Association of anti-HBc antibodies with NHL 
 
Anti-HBc is another serological marker of HBV 
infection that has been investigated in very few 
of these studies. Marcucci et al [42] detected a 
significantly higher number of anti-HBc-positive, 
anti-HBs-negative patients, among NHL patients 
than controls (adjusted OR, 2.05; CI, 1.24-
3.37). When HBsAg-positive patients were ex-
cluded from both populations (so-called “anti-
HBc alone” patients), CIs overlapped null value, 
but were close to achieve statistical significance 
(adjusted OR, 1.51; CI 0.86-2.67). The serologi-
cal pattern of anti-HBc alone comprises the 
large majority of patients with occult HBV infec-
tion (HBsAg-negative, HBV DNA positive) [24]. 
For this reason, these results were the first, indi-
rect evidence that occult HBV infection might be 
associated with NHL. As will be seen in a subse-
quent section, this was directly confirmed in 
later studies. The result of Marcucci et al [42] 
was later confirmed by Wang et al [45], who 
found that the prevalence of anti-HBc-positivity, 
either alone or in combination with anti-HBs-
negativity was significantly higher among NHL 
patients than controls. 
 
Association of HBeAg and anti-HBe antibodies 
with NHL 
 
Wang et al [45] tested NHL patients and con-
trols also for HBeAg and anti-HBe, two serologi-
cal markers that have not been reported in any 
other article. Both of these markers reflect on-
going HBV replication: high-level HBV replication 
and infectivity in case of HBeAg-positivity; low-
level HBV replication and infectivity for anti-HBe-
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positivity [2]. Wang et al [45] found a higher 
prevalence of these two markers in cases com-
pared to controls. As we will see in the following, 
these observations are of significant interest for 
the pathogenesis of HBV-associated NHL. 
 
Association of occult HBV infection with NHL 
 
The possible association of occult HBV infection 
with NHL is of particular interest. In fact, as we 
have seen in a previous section, most studies 
suggest a positive association between HBsAg-
positivity and NHL with an OR in the range of 2-
3. This value, however, may be an underesti-
mate if also occult, HBsAg-negative HBV infec-
tion contributes to the association. In fact, al-
though dedicated, population-based studies are 
still missing, it has been estimated that the oc-
cult HBV carrier state is present in a significant 
fraction of the population in Asian countries [56, 
57]. Only few studies have investigated the im-
pact of occult HBV infection on the association 
with NHL. In the first, Chen et al [46] found that 
among HBsAg-negative subjects, those with 
NHL had a higher prevalence of occult HBV in-
fection (6%) than those with solid tumors and 
healthy volunteers (0% and 0.9%, respectively). 
Rossi et al [58] investigated HBsAg-negative, 
treatment-naïve and immunocompetent pa-
tients with chronic lymphocytic leukemia (CLL), 
now considered to be a systemic form of NHL. 
These patients were compared with age- and 
sex-matched controls for the presence of ≥ 2 
HBV DNA sequences (defining occult HBV infec-
tion) in PBMCs. Occult HBV infection was ob-
served in 10%  of cases and 3% of controls (OR, 
3.6; CI 1.37-9.79). Occult infection was not as-
sociated with differences on 5-year survival and 
biological predictors, but patients with CLL and 
occult infection had significantly lower periph-
eral lymphocyte count. After 8 years, one occult 
HBV-positive patient with CLL converted into 
positive HBsAg serology and developed active 
hepatitis. Unfortunately, this article did not re-
port parallel results in serum; a comparison 
between cellular and serological HBV DNA 
would have been very informative. 
 
We have mentioned in one of the previous sec-
tions that most subjects with occult HBV infec-
tion fall within the “anti-HBc only”-positive 
group. Fukushima et al [59] found that 2 out of 
48 (4.1%) “anti-HBc only” -positive subjects 
(representing 35% of lymphoma patients stud-
ied) who had intensive chemotherapy, including 

steroids and rituximab, underwent HBV reactiva-
tion. These results are consistent with previous 
ones obtained by Hui et al [57], who reported 
that 8 of 244 (3.3%) occult HBV carriers among 
malignant lymphoma patients developed HBV 
reactivation. These results show that a sizeable 
fraction of “anti-HBc only” lymphoma patients, 
presumably carriers of occult HBV infection, can 
undergo HBV reactivation. It is unclear, how-
ever, if “anti-HBc only” -patients that do not un-
dergo HBV reactivation harbor the virus in one 
or more cell types, and if yes, whether the virus 
or genetic components of it are present in a 
form that may contribute to lymphomagenesis. 
 
Association of HBV infection with hematological 
malignancies other than NHL 
 
Data on the association of HBV infection with 
hematological malignancies other than NHL are 
very scarce. In a case-control study, Kang et al 
[50] found HBV infection to be associated also 
with HL and acute myeloid leukemia. In the 
large cohort study published by Engels et al 
[49], HBsAg-positivity was not significantly in-
creased for HL, MM, or various leukemias. Lim 
et al [43] did not observe a higher prevalence of 
HBV infection in patients with HL compared to 
the general population. Takai et al [41] did not 
find a higher prevalence of HBV infection in pa-
tients with acute leukemia than in the general 
Japanese population (1.2%). Overall, evidence 
in favor of an association between HBV infec-
tion and hematological malignancies other than 
NHL is not conclusive, similar to what has been 
observed for HCV infection [60]. Given the rela-
tive rarity of these disorders it is questionable 
whether future studies can be powered enough 
to allow drawing definitive conclusions. 
 
Possible etiopathogenic role of HBV in lym-
phomagenesis 
 
As we have already discussed in a previous pub-
lication [61], a positive association of HBV and 
NHL in treatment-naïve patients strongly sug-
gests, although does not conclusively demon-
strate, a causal relationship between HBV infec-
tion and NHL development. This causal relation-
ship may be the result of different, HBV-driven 
events (Figure 1). 
 
The first of these events is neoplastic develop-
ment as a direct result of infection. As we have 
discussed in a previous section, there is ample 
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evidence that HBV can infect and, probably, 
replicate within lymphocytes. While infection 
may represent a causal event for neoplastic 
transformation, this is not necessarily the con-
sequence of viral replication. In fact, HBV can 
integrate in the host genome, and this could 
lead to overexpression of cellular oncogenes or 
downregulation of the expression of tumor sup-
pressor genes [62, 63]. 
 
The second mechanism is chronic antigenic 
stimulation. This is a mechanism similar to that 
most commonly evoked to explain HCV-driven 
lymphomagenesis [61]. This mechanism does 
not necessarily foresee infection of lympho-
cytes. In fact, infection of hepatocytes, with pro-
duction of infective virus and viral antigens, 
would be sufficient to support chronic, antigen-
driven stimulation and proliferation of B-
lymphocytes. This may predispose to genetic 
aberrations like translocation or overexpression 
of proto-oncogenes, or induction of double-
strand DNA breaks, events which would then 
autonomously induce neoplastic transformation 

and proliferation. This consideration raises an-
other question: does HBV contribute only to the 
initial event that leads to neoplastic transforma-
tion or is it required also to support continuous 
neoplastic proliferation? In case of HCV it has 
been shown that a significant fraction of anti-
HCV-positive lymphoma patients respond to 
antiviral therapy [64], a result that speaks 
clearly in favor of ongoing viral replication as a 
necessary event to support neoplastic prolifera-
tion. It is surprising to note that similar thera-
peutic trials have not yet been reported for HBV-
associated NHL. Evidence suggesting that ongo-
ing viral replication may be required to support 
neoplastic proliferation comes from the study of 
Wang et al [45] that has already been dis-
cussed under section “Association of anti-HBc 
antibodies with NHL”. These authors found a 
higher prevalence of HBeAg and anti-HBe in 
NHL cases than controls, which are considered 
markers of ongoing, high-level and low-level 
viral replication, respectively. Even more direct 
evidence in support of this possibility comes 
from an interesting report of Zhang et al [65]. 

Figure 1. A simplified view of the etiopathogenic role of HBV in lymphomagenesis. HBV particles or HBV antigens can 
be synthesized and assembled by hepatocytes and, probably, also by lymphocytes. HBV particles can then infect 
other lymphocytes homing in lymphoid organs. Infection can give rise to other infectious particles or integrate in the 
host genome, leading to overexpression of cellular oncogenes or downregulation of the expression of tumor suppres-
sor genes. Moreover, HBV antigens can also induce chronic antigenic stimulation (CAS). Infection, integration, and 
CAS are proposed to be causally linked to lymphomagenesis in concurrence to other as yet undefined risk factors 
(other lymphotropic viruses, other chronic antigenic stimuli?). 
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These authors reviewed 203 consecutive pa-
tients who underwent liver transplantation for 
benign liver disease. The patients comprised 
144 patients with hepatitis B and 59 patients 
without hepatitis B. After liver transplantation, 
36 of the 144 patients with hepatitis B experi-
enced HBV reactivation, while the remaining 
108 patients did not. Importantly, four patients 
(11.1%) with HBV reactivation developed post-
transplant lymphoproliferative disease, com-
pared to only one patient (0.9%) without HBV 
reactivation (p = 0.007). Moreover, HBV DNA 
was detected in lymphoma cells in all four pa-
tients who experienced HBV reactivation. 
 
A difficult issue to address when discussing the 
etiological role of HBV in lymphomagenesis, is 
the contribution of occult HBV infection. Popula-
tion studies on the prevalence of occult HBV 
infection are still lacking and, in any case, even 
when these studies will become available they 
will likely inform only about the serological 
prevalence of HBV DNA, thus neglecting other 
sanctuaries that could harbor HBV DNA even in 
the absence of serologically detectable HBV 
DNA, like PBMCs or hepatocytes. Nevertheless, 
it has been estimated that a significant fraction 
of the population in Asian countries [56, 57] 
may be carrier of occult HBV infection. It ap-
pears obvious that if also occult HBV infection is 
associated with increased risk of NHL, as sug-
gested in some studies [46], then a higher num-
ber of incident NHL cases than heretofore esti-
mated, could be attributable to HBV infection. 
 
While it appears possible that HBV infection, 
whether overt or occult, could be responsible for 
a higher number of NHL cases than previously 
thought, it appears obvious that the relative risk 
to develop a NHL is relatively modest for a car-
rier of HBsAg-positive HBV infection, about 2-3 
times more than for non-infected subjects. In 
order to explain this relatively modest risk, we 
have proposed a multifactorial model for lym-
phomagenesis, in which HBV or HCV infection 
plays a necessary, but not sufficient etiological 
role [61]. It is interesting to note that several 
studies that have been performed in hepatocel-
lular carcinoma (HCC)-affected HBV or HCV car-
riers are in agreement with this model. In one of 
these studies, Chen et al [66] found a more 
than 100-fold increased risk to develop HCC for 
HBV or HCV carriers with both obesity and dia-
betes, indicating synergistic effects of metabolic 
factors and hepatitis. Synergistic interactions 

were found also between heavy alcohol con-
sumption and chronic HBV or HCV infection 
[67]. While it appears unlikely that hepatic risk 
factors like alcohol consumption, obesity and 
diabetes, may synergize with HBV also in the 
development of NHL, it appears reasonable to 
assume that other risk factors may concur with 
HBV in the development of NHL. Such lymphom-
agenic risk factors might be other lymphotropic 
viruses or chronic antigenic stimuli like those 
underlying autoimmune diseases. 
 
Conclusions – What next? 
 
When we go over to critically consider what we 
have learnt so far on the association between 
HBV infection and NHL, we are left with one 
certainty and with many questions. 
 
The certainty concerns the existence of a posi-
tive association between HBV infection and 
NHL. This association covers both overt, HBsAg-
positive, as well as occult, HBsAg-negative infec-
tion, although the impact of the latter is very 
difficult to quantify. 
 
When considering the unanswered questions, 
there is a long list that would deserve clarifica-
tion. First, we have no conclusive data on the 
association of HBV infection with specific sub-
types of NHL. Second, we have no conclusive 
data on the association between HBV infection 
and hematologic malignancies other than NHL. 
It appears questionable, however, whether stud-
ies can be set up that are powered enough to 
answer these questions. Third, it would be of 
interest to quantify the impact of occult infec-
tion on the association of HBV with NHL. This is 
also a challenging undertaking because of the 
difficulty to detect all patients with occult infec-
tion, given that a fraction of them can harbor 
the virus in sites that escape serological HBV 
DNA detection, the most commonly used 
method to detect occult HBV infection. 
 
In addition, however, there are two questions of 
great relevance from a prophylactic and thera-
peutic point of view. The first is whether HBV 
infection, and active viral replication, play a nec-
essary etiological role in the development of 
NHL and, possibly, other hematologic malignan-
cies. The observation [45] of a higher preva-
lence of HBeAg or anti-HBe among NHL patients 
than controls suggests that active viral replica-
tion is indeed associated with NHL. The most 
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immediate way to answer this question, how-
ever, would be to investigate whether HBV-
positive NHL patients undergo clinical re-
sponses (partial or complete) upon treatment 
with antiviral therapy. This approach has al-
lowed to assign an undisputable etiological role 
to HCV infection in lymphomagenesis [68, 69]. 
For this reason, it is most surprising to note that 
similar studies have not yet been published on 
HBV-positive NHL patients. Studies of this kind 
appear very urgent, even if reporting negative 
results. 
 
Another important question is to know whether 
anti-HBV vaccination protects from HBV-
associated NHL and, possibly, other hematologi-
cal malignancies. The observation that the sero-
logical “anti-HBs alone” profile is negatively as-
sociated with NHL development [42, 45] sug-
gests that this might be indeed the case, even if 
these studies could not formally exclude the 
possibility of a biased distribution of vaccinated 
individuals among cases and controls. It has 
been pointed out that HBV vaccination, even if 
effective, would have a limited effect on NHL 
incidence because of the small magnitude of 
the association [49]. To this regard, there are 
two points to consider, however. First, the un-
certain impact of occult HBV infection, which 
could increase the magnitude of the associa-
tion. Second, as has been shown for HCV [70], 
HBV might sustain lymphomagenesis and in-
duce gene rearrangements which then could 
sustain neoplastic proliferation independently of 
persistent HBV infection. For this reason, a frac-
tion of HBV-negative cases might have become 
negative after an initial phase of positivity. It is 
obvious that it would be very difficult to quantify 
these cases, but vaccination would allow to an-
swer also this question. Expansion of HBV vacci-
nation, however, is expected to reduce the num-
ber of incident NHL cases after a considerable 
number of years [39], due to presumably long 
incubation times. Dedicated studies, particularly 
in those countries which have mandated HBV 
vaccination since a sufficient number of years 
(e.g. for 20 years in Italy) may, in some years, 
provide results that give an answer to this im-
portant point. 
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