Hepatitis B & C anad
Lymphoma risk

Amanda Noska, MD, MPH
Infectious Diseases

Hennepin Healthcare
10/18/22



Objectives

1)
2)

3)

Describe the association between Lymphoma and hepatitis C and B.
Define risk of lymphoma with viral hepatitis C and B and role of viral hepatitis treatment in lymphoma

outcomes.
Outline the proposed pathogenesis of lymphoma in association with viral hepatitis.
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Malignancy and Pathogens

The role of certain pathogens in promoting oncogenesis has been well-
described throughout the past several decades:

* H. pylori and MALT gastric lymphoma

* HIV and rectal cancer, lung cancer, cervical cancer, lymphoma, Kaposi sarcoma
 HHV-8 and Kaposi sarcoma

 HPV in head/neck, cervical and anorectal cancer

[ J

HBV and hepatocellular carcinoma

Viswanatha DS, Dogan A. Hepatitis C virus and lymphoma. J Clin Pathol. 2007 Dec;60(12):1378-83. doi: 10.1136/jcp.2007.051870. PMID: 18042694; PMCID: PMC2095565.

Park B, Ahn KH, Choi Y, et al. Cancer Incidence Among Adults With HIV in a Population-Based Cohort in Korea. JAMA Netw Open. 2022;5(8):2224897.

Clifford GM et al. Swiss HIV Cohort Study, Cancer Risk in the Swiss HIV Cohort Study: Associations With Immunodeficiency, Smoking, and Highly Active Antiretroviral Therapy, JNCI:
Journal of the National Cancer Institute, Volume 97, Issue 6, 16 March 2005, Pages 425-432.



HCV and Lymphomagenesis

HCV-induced Carcinogenesis may occur through 3 proposed potential
mechanisms:

1. Direct oncogenic effect on cellular proliferation and viability via infection of
peripheral blood mononuclear cells. HCV is both lymphotrophic and
hepatotrophic.

* Acquired point mutations in immunoglobulin and non-immunoglobulin genes

* Esp. TP53, BCL6, Beta-catenin; increased burden of mutations was noted in patients with
lymphoma and HCV, but not in those without HCV

Some HCV proteins such as the HCV Protein core and nonstructural protein 5A might
direct effect cell proliferation.

However, there is no convincing evidence of viral replication in B cells & monocytes.
HCV may localize to salivary glands, kidney, skin bone marrow and PBMCs.
Viral replication is limited to hepatocytes, for the most part.
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HCV and Lymphomagenesis

HCV-induced Carcinogenesis may occur through 3 proposed potential
mechanisms:

2. Accumulation of genetic events such as BCL-2 rearrangement
* BCL-2 rearrangements are significantly higher in patients with HCV vs. those without HCV

* Mixed cryoglobulinemia can convert to overt B-cell ymphoma in some (but not all)
patients with HCV.

Weng & Levy. Hepatitis C Virus (HCV) and Lymphomagenesis.Leukemia and Lymphoma. 2002;44(7)1113-1120.
Viswanatha DS, Dogan A. Hepatitis C virus and lymphoma. J Clin Pathol. 2007 Dec;60(12):1378-83. doi: 10.1136/jcp.2007.051870. PMID: 18042694; PMCID: PMC2095565.
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HCV and Lymphomagenesis

HCV-induced Carcinogenesis may occur through 3 proposed potential mechanisms:

3. Indirect transformation via HCV antigen-driven expansion of mono- or oligoclonal B cells> Benign
lymphoproliferative disorders or frank malignant lymphoma through activated B-cell clones
(secondary oncogenic events)

. HCVT§E2 viral envelope Ag)-CD81 binding via BCR and stimulation may further promote ongoing cell
proliferation.

* (D81 is expressed on most human cells with the exceptions of RBCs and platelets and associate with different
proteins in various cell types in the body.

* Mono- and Polyclonal expansion of naive B cells from persistent CD81 stimulation may occur.
* Monoclonal IgM resolves in patients with HCV who respond to antiviral treatment.
* The LDL receptors in cells are another proposed target for unchecked cell proliferation.

Weng & Levy. Hepatitis C Virus (HCV) and Lymphomagenesis.Leukemia and Lymphoma. 2002;44(7)1113-1120.
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Hermine O, et al. Regression of splenic lymphoma with villous lymphocytes after treatment of hepatitis C virus infection. N EnglJ Med. 2002 Jul 11;347(2):89-94.
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Hepatitis C Virus (HCV)
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0 - polyclonal IgM (Type 111)

FIGURE 1 Restricted V gene usage is common in HCV-induced B cell responses. (1) A high percentage of patients with mixed cryoglobulinemia are
infected with HCV (wide arrow). (2) A low percentage patients with MC progress to NHL (narrow arrow), a progression of a specific B cell clone
observed in MC to overt NHL has been documented [53]. The immunoglobulin V region genes expressed in MC and NHL tend to use a restricted and
shared repertoire (gray oval). (3) B cell that respond to the envelope protein of the virus, E2, also use this restricted V gene repertoire (dashed arrow). (4)
The BCR rescued from one case of NHL was shown to bind HCV E2 [51].

Weng & Levy. Hepatitis C Virus (HCV) and Lymphomagenesis. Leukemia and Lymphoma. 2002;44(7)1113-1120.
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FIGURE2 Dualsignaling model for B cell activation by HCV antigens.
B cells that bind HCV antigens through their BCR transmit an activation
signal (signal 1) that can be amplificd by binding of the viral envelope
antigen E2 to CDS1 (signal 2). Iga and IgP are the signaling components
of the BCR complex, CDI9 is the signaling molecule in the
CDIY/CD21/CD81 complex.

Signal 2 Signal |

Weng & Levy. Hepatitis C Virus (HCV) and Lymphomagenesis.Leukemia and Lymphoma. 2002;44(7)1113-1120.



Direct transformation
mechanism

Figure 2. General models of lymphoid
transformation by pathogens. Direct
transformation model. Infectious agents
such as Epstein-Barr virus directly target
resting B-cell and establish latent
infection. Transcription of viral latent
genes with oncogenic potential leads to
immortalization of infected B-cell and
proliferation, normally kept in check by
the immune system of the host. Under
certain  circumstances (as immune
deficiency) or after additional oncogenic
S mutations, fully transformed EBV-
infected B-cell might lead to malignant
lymphoma. Indirect transformation
model. Persisting pathogens such as
Helicobacter Pylori in chronic infection
stimulate antigen-specific B-cell either
directly or indirectly through T-cell help.
Clonal expansion may develop in
responding  lymphocytes  sometimes
ultimately leading to frank
lymphoproliferation.
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Figure 3. Hypothetical model of B-cell transformation by HCV. 3A. Direct transformation model. Induction of cellular NO-
synthase and subsequent mutations of p53, beta-catenin and Bcl-6 by HCV associated core and NS3/4 proteins may participate in B-
cell transformation. According to this hypothesis, HCV would directly infect B cells, possibly through CD81-E2 interaction. 3B.
Indirect transformation model. Interaction of E2 and CDS&1 on the cell surface induces expression of activation-induced deaminase
(AID) and somatic hypermutations of immunoglobulin genes and potential proto-oncogenes. This mechanism may participate in B-
cell transformation by HCV. B-cell transformation would not need to require direct infection of B-cells by HCV as this interaction
takes place between extracellular E2 expressed on the virion and surface CDS1.

Bachy E, Besson C, Suarez F, Hermine O. Hepatitis C virus infection and lymphoma. Mediterr J Hematol Infect Dis. 2010 Mar 31;2(1):e2010004.



Mixed cryoglobulinemia (MC)

* 8-10% of patients with mixed cryoglobulinemia develop a
lymphoproliferative disorder.

* MC is associated with a 35x increased risk of lymphoma compared to
the general population.

* MC is also associated with hepatitis C infection.
* 50-90% of patients with MC have a positive HCV Antibody.
* 40-50% of patients with HCV have circulating cryoprecipitate complexes.
* Antiviral treatment for HCV leads to disappearance of MC in many patients.

Viswanatha DS, Dogan A. Hepatitis C virus and lymphoma. J Clin Pathol. 2007 Dec;60(12):1378-83. doi: 10.1136/jcp.2007.051870. PMID: 18042694; PMCID: PMC2095565.
Bachy E, Besson C, Suarez F, Hermine O. Hepatitis C virus infection and lymphoma. Mediterr J Hematol Infect Dis. 2010 Mar 31;2(1):e2010004.



Figure 4. Hypothetical model of

X 4 g e Antigen- progression from mixed
Chronic viral replication cryoglobulinemia to  lymphoma.
Stimulation of auto-reactive,

rheumatoid factor producing and HCV-
E2 or NS3 cross-reactive specific B
cells might lead 1 a first-siep
lymphoproliferative development such
as in type II mixed cryoglobulinemia
(MC). Pro-inflammatory cytokines,
such as BAFF (also called B
lymphocyte stimulator, BLyS), a potent
stimulator of B-cell survival and
proliferation, are thought to play an
important role in this mechanism.
Eradication of the antigenic source at
this stage by interferon with or without
ribavirin leads to a decrease of the
cryoglobulin load and of the clonal
population.  Additional  oncogenic
events may occur in the proliferating
cryoglobulin-producing population and
lead to transformation into NHL such
as marginal zone lymphoma with
villous lymphocytes (SLVL). Such
transformed B cells would still remain
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HCV-associated lymphomas & leukemias

Marginal zone lymphoma
* Splenic, nodal and extra-nodal

Small lymphocytic lymphoma/Chronic lymphocytic leukemia

Lymphoplasmacytic lymphoma

Diffuse large B-Cell Lymphoma (DLBCL)
Mantle cell lymphomas

Primary lymphoma of the liver
Low-grade MALT lymphomas

Gastric Lymphoma
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Lymphoma outcomes with HCV

* DLBCL outcomes are worse in patients with HCV.

* NHL outcomes are improved with HCV treatment.

* Lymphoma regression has been documented after anti-HCV therapy.
* Splenic marginal zone lymphoma
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Hermine et al.

* Nine patients with splenic lymphoma with villous lymphocytes and
HCV infection were treated with IFN alfa-2b alone or in combination
with ribavirin.

* Six patients without HCV but with splenic lymphoma with villous
lymphocytes served as the comparison group.

* In the 9 patients living with HCV and splenic lymphoma, regression of
the lymphoma was achieved ( in all 9 patients) with treatment of the
HCV with IFN and ribavirin.

 Effect has been compared to MALT lymphoma and H. pylori
infection/treatment.

Hermine O, et al. Regression of splenic lymphoma with villous lymphocytes after treatment of hepatitis C virus infection. N EnglJ Med. 2002 Jul
11;347(2):89-94.
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The New England Journal of Medicine

TABLE 2. CHARACTERISTICY OF THE SIX PATIENTS WITH SPLENIC LyMpHOMA WITH VILLOUS LYMPHOOYTES
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Questions/Comments?



