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Etiological factors in primary hepatic B-cell ymphoma
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Abstract Sixty-four cases of malignant lymphoma involving
the liver were examined. Of these, 20 cases were histologically
confirmed to be primary hepatic B-cell lymphoma. Twelve of
these 20 cases were diffuse large B-cell lymphoma (DLBCL)
and eight cases were mucosa-associated lymphoid tissue
(MALT) lymphoma. Of the 12 cases of DLBCL, six were
immunohistologically positive for CD10 and/or Bcl6 (indicat-
ing a germinal center phenotype), six were positive for Bcl2,
and five were positive for CD25. Eight of the 12 DLBCL cases
(66.7%) and two of the eight MALT lymphoma cases (25%)
had serum anti-hepatitis C virus (HCV) antibodies and HCV
RNA. The incidence of HCV infection was significantly higher
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in the hepatic DLBCL cases than in systemic intravascular
large B-cell cases with liver involvement (one of 11 cases,
9.1%) and T/NK-cell lymphoma cases (one of 19 cases,
5.3%) (p<0.01 for both). Two hepatic DLBCL cases (16.7%)
had rheumatoid arthritis treated with methotrexate, and four
MALT lymphoma cases (50%) had Sjogren’s syndrome, pri-
mary biliary cirrhosis, or autoimmune hepatitis; one case in
each of these two groups was complicated by chronic HCV-
seropositive hepatitis. Although primary hepatic lymphoma is
rare, persistent inflammatory processes associated with HCV
infection or autoimmune disease may play independent roles in
the lymphomagenesis of hepatic B cells.
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Introduction

B-cell lymphoma in hepatitis C virus (HCV)-seropositive
patients frequently presents with extranodal disease in the bone
marrow, major salivary glands, or spleen [1, 2]. Although
diffuse large B-cell lymphoma (DLBCL) is frequent in HCV-
seropositive B-cell lymphoma patients, a significantly higher
incidence of lymphoplasmacytic lymphoma than HCV-
negative B-cell lymphoma has been reported (43 of 257 cases,
16.7% versus 91 of 1118 cases, 8%; p<0.01) [3]. Hermine et al.
[4] described nine French HCV-seropositive cases of splenic
marginal zone lymphoma with monoclonal IgM and polyclonal
IgG (type II) cryoglobulinemia, and reported that all these cases
showed loss of serum HCV RNA and complete remission of
lymphoma after treatment with interferon- and ribavirin.
HCV infection and associated type II cryoglobulinemia may
induce B-cell lymphoid neoplasia.

The HCV core protein has been shown to induce prolif-
eration of human B-cell lines through up-regulation of spe-
cific B-cell-related genes and reduction in apoptosis [5, 6].
The levels of the activation-induced cytidine deaminase
protein and gene, which provide a key enzyme for somatic
hypermutation of germinal center (GC) B cells, were dra-
matically increased in peripheral blood B cells in patients
with HCV-seropositive hepatitis [7]. HCV transgenic mice
expressing the full HCV genome in B cells showed a high
incidence of CD25 [interleukin-2« receptor (IL2xR)]-
positive DLBCL as well as elevated serum levels of IL2aR
[8]. HCV infection may play a role in the multistep mech-
anism of lymphomagenesis in peripheral B cells.

Ramos-Casals et al. [9] reported 25 cases of B-cell lympho-
ma with HCV infection and Sjogren’s syndrome (SS), which
showed frequent type II cryoglobulinemia (80%), extranodal
tumor invasion (60%) including in the liver (16%), mucosa-
associated lymphoid tissue (MALT) lymphoma (44%), and
DLBCL (24%). Primary biliary cirrhosis (PBC) has been
reported to occasionally be complicated by HCV infection
(14 of 170 cases, 8.2%), but not by lymphoma [10]. Autoim-
mune disease with or without HCV infection may play a role
in primary hepatic lymphoma.

Primary hepatic B-cell lymphoma is rare, representing
0.06% of all non-Hodgkin’s lymphoma [11]. Page et al. [11]
reported 23 cases of primary hepatic DLBCL and one of
MALT lymphoma, of which six of the 10 examined DLBCL
cases (60%) had HCV infection. Persistent HCV infection
often complicates cases of primary hepatic DLBCL. We se-
lected 20 cases of primary hepatic B-cell lymphoma from an
area of Japan in which HCV infection is endemic. Of these,
eight of 12 DLBCL cases (66.7%) and two of eight MALT
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lymphoma cases (25%) had serum anti-HCV antibodies and
HCV RNA, and six DLBCL cases and four MALT lymphoma
cases had autoimmune disease. We examined clinicopatho-
logical characteristics and etiological factors in patients with
primary hepatic B-cell lymphoma, especially cases with HCV
infection and autoimmune disease.

Materials and methods
Case selection

We reviewed the 5220 cases of malignant lymphoma in our
register from 1995 to 2010, and included the 64 cases with
histologically confirmed liver involvement at initial presen-
tation in this study. Primary hepatic B-cell lymphoma was
defined as extranodal lymphoma of the liver, with the bulk
of the disease localized to this site [12]. Contiguous lymph
node and perihepatic metastasis may be seen in primary
hepatic B-cell lymphoma, as in gastrointestinal extranodal
B-cell lymphoma [13, 14]. Histological diagnosis was
according to the World Health Organization classification
[13]. Twenty of 5,220 cases (0.4%) had clinical stage I or II
primary hepatic lymphoma without superficial lymphade-
nopathy. The other 44 cases with liver involvement had
malignant lymphoma with systemic or secondary intrahe-
patic tumor invasion as well as extrahepatic tumors or
superficial nodal invasion. These 44 cases were used as a
control group, comprising 22 cases of systemic B-cell lym-
phoma [12 cases of intravascular large B-cell lymphoma
(IVLBCL) and 10 cases of DLBCL] and 22 cases of
T/NK-cell lymphoma (nine cases of hepatosplenic T-cell
lymphoma, seven cases of adult T-cell leukemia/lymphoma
(ATL/L), four cases of aggressive NK-cell leukemia/lym-
phoma, and two cases of other T-cell lymphoma). In an
additional control study, the seven cases of primary hepatic
reactive lymphoid hyperplasia [14] were also examined to
check for HCV infection and autoimmune disease.

The clinical and laboratory findings, treatment, and prog-
nosis of patients presenting to ten hospitals were examined.
Tumor stages were classified according to the modified Ann
Arbor staging system [15].

Examination for HCV and HBV infections

Serum samples were screened for HCV infection by mea-
suring anti-HCV antibody levels using the second genera-
tion enzyme-linked immunosorbent assay (ELISA)
technique (Abbott Laboratories, Chicago, IL, USA). If pos-
itive, a PCR-based technique (PCR Amplicor; Roche,
Branchburg, NJ, USA) was used to detect HCV RNA. The
HCYV core genotype was determined using PCR-based tech-
niques (SMI test HCV genotyping kit; Sumitomo Metals,
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Osaka, Japan), which identified six genotypes according to
the Simmonds classification: 1A, 1B, 2A, 2B, 3A, and 3B.
HBYV surface (HBs) and envelope (HBe) antigens were
detected using an ELISA kit (Abbott Laboratories, Abbott
Park, IL, USA) [16].

Histology and immunohistology

Biopsy and surgical specimens were fixed with 20% forma-
lin, embedded in paraffin, and stained with hematoxylin and
eosin. The hepatic lesions of all 71 cases were examined
histologically, including 16 autopsy cases (two primary
hepatic DLBCL cases, two IVLBCL cases, and 12 T/NK-
cell lymphoma cases). Immunohistological examination was
performed by applying a panel of monoclonal and polyclon-
al antibodies to formalin-fixed tumor samples using the
ChemMate Envision method (DakoCytomation, Glostrup,
Denmark), and the peroxidase color reaction was developed
using diaminobenzidine as the substrate. Antibody, clone,
and source were as follows: CD3 (PS1, Novocastra, UK),
CDS5 (4C7, Novocastra), CD10 (56C6, Novocastra), CD20
(L26, Dako, USA), CD23 (1B23, Novocastra), IL2 recep-
tor (CD25, 4C9, Novocastra), CD30 (BerH2, Dako), Bcll
(5D4, IBL, Japan), Bcl2 (124, Dako), Bcl6 (P1F6, Novo-
castra), multiple myeloma 1 (MUMIp, Dako), anti-HBs
antigen (ZCH16, Nichirei, Japan), and IgG4 (HP6026,
Zymed, USA).

In situ hybridization for detection of Epstein—Barr
virus-encoded RNA (EBER)

Deparaffinized tissue sections were digested with proteinase
K and hybridized in a solution of 50% formamide containing
fluorescein isothiocyanate (FITC)-labeled EBER oligonucleo-
tides using a Dako hybridization kit (DakoCytomation,
Glostrup, Denmark). Hybridization products were detected
using rabbit anti-FITC antibody, then incubated with Chem-
Mate Envision and colored with DAB.

Statistical analyses

Univariate analyses were performed using the chi-square and
Fisher’s tests to determine differences between the two ma-
lignant lymphoma groups. Fifty-four node-based DLBCL
cases and 445 colon cancer cases admitted to the National
Kyushu Medical Center were selected for examination of
HCV and HBYV infections as a control group. Prognosis was
determined by calculating the cumulative survival time of 53
cases using the Kaplan—-Meier method and was analyzed using
the log-rank and generalized Wilcoxon tests.

Selection of 36 previously reported primary hepatic B-cell
lymphoma cases

Sixteen primary DLBCL cases and 20 MALT lymphoma
cases, which had each been described in detail, were selected
from 27 reports in the English literature from 1990 to 2010
[17-42]. The clinical and histological details of these 36 cases
were determined from the reported findings by the
corresponding laboratory.

Results
Clinical findings, laboratory data, and outcomes

The clinical data at initial presentation of the 20 cases of
primary hepatic lymphoma, 44 cases of systemic B- and T/
NK-cell lymphoma with liver involvement, and seven cases of
reactive lymphoid hyperplasia are shown in Table 1. Twelve
cases had primary hepatic DLBCL. Eight of these 12 cases
(66.7%) had serum anti-HCV antibodies, and HCV RNA was
detected in all six of these cases examined. Two of these cases
were infected with genotype 1b and two with genotype 2a. The
prevalence of anti-HCV antibody positivity was significantly
higher in DLBCL cases (66.7%) than in cases of systemic
IVLBCL (one of 11, 9.1%), systemic T/NK-cell lymphoma
(one of 19, 5.3%), nodal DLBCL (five of 54, 9.3%), and colon
cancer (23 of 445, 5.2%) (p<0.01). Two other DLBCL cases
(16.7%) had HBs and HBe antigens, but this prevalence was
not significantly higher than in cases of systemic IVLBCL
(one of 11, 9.1%), nodal DLBCL (one of 54, 1.9%), or colon
cancer (seven of 445, 1.6%). Eight cases had primary hepatic
MALT lymphoma. Two of these cases (25%) were positive for
serum anti-HCV antibodies and HCV RNA, and were infected
with genotype 1b. This HCV prevalence was not significantly
higher than in the other four tumor groups described above. In
the other two groups of patients with systemic B-cell lympho-
ma, five of the ten DLBCL cases (50%) had anti-HCV anti-
bodies. One case (14.3%) with reactive lymphoid hyperplasia
had HCV infection. There were no cases with co-infection of
HCV and HBV.

Detailed clinicopathological findings of the primary he-
patic and systemic B-cell lymphoma cases are shown in
Table 2. Of the cases with primary hepatic DLBCL, five
had chronic hepatitis, three had liver cirrhosis, and one had
chronic hepatitis and hepatocellular carcinoma. The remain-
ing case was an HCV carrier. Two cases had rheumatoid
arthritis which had been treated with methotrexate for 7 and
10 years, respectively, and one case had chronic HCV
hepatitis. Seven cases were classified as clinical stage I
and five were classified as II1 or II2. Combined chemother-
apy was administered in nine cases. The five cases who
underwent rituximab plus cytotoxic treatment were alive
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Table 1 Initial clinical data of

71 cases of liver-involving lym- No. of Age M/F Histological Anti-HCV Ab  HBs, e Ag Anti-HTLV-1 Ab
phoproliferative disease cases (mean) type: no. of cases
Primary hepatic B-cell lymphoma
20 64 years old  10:2 DLBCL: 12 8 (66.7%) 2 (16.7%) 1 (8.3%)
3:5 MALT: 8 2 (25%) 1 (12.5%) 0/5 (0)
Total 13:7 10 (50%) 3 (15%) 1/17 (5.9%)
Liver-involving systemic B-cell lymphoma
22 67 years old  7:5 IVLBCL: 12 1/11 (9.1%) 1/11 (9.1%)  1/10 (10%)
/: positive/examined cases. HCV 5:5 DLBCL: 10 5 (50%) 1 (10%) 0/7 (0)
hepatitis C virus, /7B hepatitis B, Total 12:10 6/21 (29%) 2/21 (9.5%)  1/17 (5.9%)

HTLV human T-cell lympho-
tropic virus, DLBCL diftuse
large B-cell lymphoma, MALT 22 55 years old 175
mucosa-associated lymphoid tis- Reactive lymphoid hyperplasia
sue, [VLBCL intravascular large 7 61 years old  0:7

B-cell lymphoma

Liver-involving systematic T/NK-cell lymphoma

1/19 (53%)  0/19 (0) 7121 (33.3%)

1(14.3%) 0 (0) 0 (0)

and well at 21 to 72 months after treatment initiation, while
three of the four cases who received only cytotoxic treat-
ment died of disease with extrahepatic tumor invasion. The
median survival time of these nine treated cases was
27 months, and the 5-year overall survival rate was 44%.
Two cases did not receive cytotoxic treatment and died of
hepatic failure. Limited intrahepatic lymphoma was found at
autopsy. The remaining case was lost to follow-up after
3 months.

All eight cases of primary hepatic MALT lymphoma had
a single hepatic tumor (Fig. 1). Two cases had SS, one had
SS and PBC, and one had autoimmune hepatitis. All these
cases received surgery and/or cytotoxic treatment with or
without rituximab, and were alive and well at 5 to 84 months
after treatment initiation. Their median survival time was
longer than 84 months, which was significantly longer than
that of primary hepatic DLBCL cases (p<0.05) (Fig. 2).

In cases of systemic lymphoma with liver involvement,
only one of 12 IVLBCL cases (8.3%) had systemic lupus
erythematosus. The prevalence of autoimmune disease
was significantly lower in IVLBCL cases than in primary
hepatic lymphoma cases (six of 20 cases, 30%; p<0.05).
The median survival time of the seven IVLBCL cases for
which this information was available was 6 months,
which was significantly shorter than in primary hepatic
DLBCL cases (p<0.01). Of the ten cases with systemic
DLBCL, four patients with anti-HCV antibodies died of
disease within 6 months. The median survival time of
these ten cases was 13 months, which was significantly
shorter than in primary hepatic DLBCL cases (p<0.05).
Of the 22 cases of systemic T/NK-cell lymphoma, one
case with T-LGL leukemia (5.3%) had PBC. One case
with reactive lymphoid hyperplasia (14.3%) was compli-
cated by PBC.

Table 2 Detailed clinicopathological findings and prognosis in 42 of liver-involving B-cell lymphoma

Histological type  Clinical stage  Liver disease Hepatic tumors Complication Median survival (months)
Vi/viv CH LC HCC Single Multiple Diffuse

Primary hepatic B-cell lymphoma

DLBCL: 12 7/5/0//0 5 3 1 8 4 0 RA: 2 27

MALT: 8 8/0/0//0 3 1 1 8 0 SS:2,PBC: 1, AH: 1  >84

Total: 20 15/5/0//0 8 4 2 16 4 6

Liver-involving systemic B-cell lymphoma

IVLBCL: 12 0/0/0//12 1 0 12 SLE: 1 6

DLBCL: 10 0/0/0//10 5 0 0 0 13

Total 22 0/0/0//22 6 0 12 1

DLBCL diffuse large B-cell lymphoma, MALT mucosa-associated lymphoid tissue, /VLBCL intravascular large B-cell lymphoma, CH chronic
hepatitis, LC liver cirrhosis, HCC hepatocellular carcinoma, R4 rheumatoid arthritis, SS Sjogren’s syndrome, PBC primary biliary cirrhosis, AH

autoimmune hepatitis, SLE systemic lupus erythematosus
# One patient complicates PBC and SS
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Fig. 1 Macroscopic appearance of a primary hepatic MALT lympho-
ma without HCV infection. A whitish nodular tumor is seen in the liver

Histological and immunohistological findings

The immunohistological characteristics of the primary he-
patic and systemic B-cell lymphoma cases are shown in
Table 3. Demarcated tumors were detected histologically
in all of the cases of primary hepatic DLBCL and MALT
lymphoma (Fig. 3), and no intrasinusoidal tumor invasion
was found. A few atrophic reactive lymph follicles were
detected in the tumors of all 20 cases. The lymphoma cells
in the 12 primary hepatic DLBCL cases were positive for
the following antigens (number of positive cases, % of
total): CD10 (4, 33.3%), Bcl2 (6, 50%), Bcl6 (5, 41.7%),
MUMI (5, 41.7%), and CD25 (5, 41.7%) (Fig. 4a—c). Six
cases had a GC B-cell phenotype. Three cases were CD5-
positive and Bcell-negative. In situ hybridization indicated
nuclear EBER signals in two primary hepatic DLBCL cases
(16.7%) which were complicated by rheumatic arthritis
(Fig. 4d).

100% — -

Hepatic MALT lymphoma (n=8)

1

50% — Hepatic DLBCL (n=9)

Systemic DLBCL (n=10)

Systemic T/NK cell lymphoma (n=17)

Intravarcular large B cell lymphoma (n=7)
0% " " X X

0 20 40 60 80 months

Fig. 2 Actuarial survival curves of cases of primary hepatic DLBCL
and MALT lymphoma, intravascular and systemic large B-cell lym-
phoma, and systemic T/NK-cell lymphoma with liver involvement.
Primary hepatic MALT lymphoma cases have a significantly better
prognosis than primary hepatic DLBCL cases (p<0.05). Primary he-
patic DLBCL cases have a significantly better prognosis than cases of
intravascular large B-cell lymphoma, systemic DLBCL, and systemic
T/NK-cell lymphoma (p<0.01 or <0.05)

The lymphoma cells of all eight MALT lymphoma cases
were positive for Bel2 and negative for CD5, CD23, CD10,
Bcl6, MUMI1, and CD25. No positive reaction to HBs
antigen (ZCH16) was detected in the lymphoma cells of
the three primary lymphoma cases who were HBs-antigen
seropositive. No increase in [gG4-positive plasma cells was
detected in any cases of hepatic DLBCL, MALT lymphoma,
or reactive lymphoid hyperplasia.

Of the systemic B-cell lymphoma cases, all 12 IVLBCL
cases had an intrasinusoidal growth pattern of lymphoma
cells, and ten cases (83.3%) had MUM 1-positive lymphoma
cells. Eight of ten systemic DLBCL cases (80%) were
positive for MUMI1 and three cases (33.3%) were positive
for CD25.

Findings of 36 previously reported of primary hepatic B-cell
lymphoma cases

Sixteen of the previously reported cases were DLBCL and
20 cases were MALT lymphoma [17-42]. Of the 16
DLBCL cases, nine (56.3%) were HCV-seropositive and
four (25%) were HBV-seropositive. Only one DLBCL case
had both HCV infection and SS. The median survival time
of the ten DLBCL cases examined was 48 months. Nine of
the 20 MALT lymphoma cases (45%) were HCV-
seropositive and two cases (10%) were HBV-seropositive.
Three MALT lymphoma cases had PBC, one had SS, and
one had both PBC and SS, and these five cases (25%) did
not have HCV nor HBV infection. The median survival time
of the 18 MALT lymphoma cases for which this information
was available was 65 months, which was significantly lon-
ger than in the above-reported ten DLBCL cases (p<0.05).

Discussion

The prevalence of HCV infection was significantly higher in
the 12 primary hepatic DLBCL cases examined (66.7%)
than in the systemic lymphoma cases with liver involve-
ment, as well as in the other two control groups (p<0.01).
Two MALT lymphoma cases examined (25%) had chronic
HCV-positive hepatitis. Bronowicki et al. [43] reported
HCYV infection in four of 21 primary hepatic DLBCL cases
(19%), but no HCV infection in three MALT lymphoma
cases. Among the previously reported cases [17—42], nine of
16 primary hepatic DLBCL cases (56.3%) and nine of 20
MALT lymphoma cases (45%) had HCV infection. Al-
though the prevalence of HCV infection was low in the
MALT lymphoma cases that we examined, our results are
consistent with those of other reports [11, 43] examining the
relationship between HCV infection and primary hepatic
DLBCL. Intracytoplasmic HCV RNA signals have been
detected in hepatocytes, mononuclear cells, and lymph
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Table 3 Immunohistological findings and Epstein—Barr virus infection in 42 cases of liver-involving B-cell lymphoma

Histological type CD5 CD10 Bcel2 Bcl6 MUMI1 CD25 EBERs
Primary hepatic B-cell lymphoma

DLBCL: 12 3 (25%) 4 (33.3%) 6 (50%) 5 (41.7%) 5 (41.7%) 5 (41.7%) 2 (16.7%)
MALT: 8 0/7 (0) 0(0) 8 (100%) 0/6 (0) 0(0) 0 (0) 0(0)
Liver-involving systemic B-cell lymphoma

IVLBCL: 12 3/10 (30%) 0/11 (0) 8/10 (80%) 1/10 (10%) 10 (83.3%) 2 (16.7%) 0 (0)
DLBCL: 10 1/9 (11.1%) 1 (10%) 8/9 (88.9%) 2/9 (22.2%) 8 (80%) 3/9 (33.3%) 0 (0)

/: positive/examined cases. EBERs Epstein—Barr encoded RNAs, DLBCL diftuse large B-cell lymphoma, MALT mucosa-associated lymphoid

tissue, /VLBCL intravascular large B-cell lymphoma

follicles in the liver of HCV-seropositive cases by PCR and
in situ hybridization [44]. Sung et al. [45] established a cell
line of an HCV-seropositive B-cell lymphoma, from which
they extracted HCV viral particles with which they were
able to infect other B-cell lines as well as hepatocytes.
Kasama et al. [8] demonstrated expression of the full HCV
genome in B cells of HCV transgenic mice, and 25% of
these mice progressed to DLBCL within 600 days after
birth. These reports support the theory that HCV can infect
reactive and neoplastic B cells, and that persistent HCV
infection may induce primary hepatic as well as other organ
B-cell lymphoma.

Of the eight HCV-seropositive primary hepatic DLBCL
cases examined, five were classified as CD10- and/or Bcl6-
positive GC B-cell phenotype. Expression of Bcl2 and
CD25 (IL2xR) was detected in the lymphoma cells of four
of these eight DLBCL cases. HCV infection has been
reported to cause an approximately 5- to 10-fold increase
in the mutation frequency of the Bcl6 gene in peripheral
blood mononuclear cells, B-cell lymphoma cells, and their
cell lines [46]. Zuckerman et al. [47] reported a significantly

Fig. 3 Histological appearance
of primary hepatic DLBCL (a)
and MALT lymphoma (b) in
HCV-seropositive cases (hema-
toxylin and eosin staining, x400).
In the DLBCL case, many small
lymphocytes are seen among
large lymphoid cells
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higher incidence of Bcl2 gene translocation in peripheral
blood cells in cases with HCV-seropositive hepatitis, com-
pared with HCV-negative controls (»p<0.01). Machida et al.
[48] demonstrated that disruption of interferon regulatory
factor 1 in HCV-infected mice increased serum IL-2 and
Bcl2 expression in lymphocytes, and induced a high inci-
dence of B-cell lymphoma. As well as inducing anti-
apoptotic Bcl2 and transcription factors such as Bel6, IL-2
may activate cytokine signaling via CD25 (IL2xR) in HCV-
infected B cells [49]. Thus, lymphomagenesis may occur via
a multistep mechanism in HCV-infected GC and non-GC B
cells, even in the liver.

We found that two cases of primary hepatic DLBCL
(16.7%) had rheumatoid arthritis treated with methotrexate.
Although there were no reports of complications in these two
cases, they were consistent with iatrogenic immunodeficiency-
associated lymphoproliferative disorder [13]. Four of the eight
cases of MALT lymphoma (50%) were complicated by PBC
and/or SS or autoimmune hepatitis. Of these six cases with
autoimmune disease, one case each of DLBCL and MALT
lymphoma had chronic HCV hepatitis. Of the 36 previously
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Fig. 4 HCV-seropositive
primary hepatic DLBCL. a, b, ¢
Immunoperoxidase staining. d
In situ hybridization, x200. a
Many CD20-positive large
lymphoid cells show a diffuse
infiltrating pattern. b CD10-
positive large lymphoid cells
are diffusely distributed. Bile
canaliculi have focal weak
CD10-positivity in the upper
right hepatic lobule. ¢ Large
lymphoid cells are positive for
CD25. d Many nuclear EBER
signals are detected in medium-
sized and large lymphoid cells.
Two bile ducts on the right are
preserved

reported cases examined [17—42], one primary hepatic DLBCL
case and five MALT lymphoma cases (total 16.7%) were
complicated by PBC and/or SS. Of these, only one DLBCL
case had HCV infection. In Europe, SS occurs frequently in
HCV-seropositive patients with type II cryoglobulinemia,
which is highly suggestive of a prodromal stage of extranodal
low-grade B-cell lymphoma [50, 51]. There is great geographic
heterogeneity in the prevalence of type Il cryoglobulinemia in
HCV-seropositive cases, with type II cryoglobulinemia occur-
ring more commonly in Southern Europe (40-60% of HCV-
seropositive cases) [52]. In Japan, type III cryoglobulinemia
was found in 23 of 65 HCV-seropositive cases (35.4%), but
type II cryoglobulinemia was found in only one case (1.5%)
[53]. Japanese lymphoplasmacytic and MALT lymphoma
cases also had a low incidence of HCV infection compared
with DLBCL cases [16]. These findings support the view that
primary hepatic lymphoma, especially MALT lymphoma, can
occur in cases of autoimmune disease independently of HCV
infection and type II cryoglobulinemia in Japan.

The present study also demonstrated that HBV or EBV
infection, which are important etiological factors for
tumorigenesis, were a minor complication of primary
hepatic B-cell lymphoma cases. Hepatic reactive lym-
phoid hyperplasia and IgG4-positive plasma cells have
also been reported to have no direct relationship with
HCYV infection, autoimmune disease, or primary hepatic
B-cell lymphoma [15, 54]. Although HCV infection and
autoimmune disease were frequent in Japanese cases of
primary hepatic B-cell lymphoma, they were mostly
found independently of each other. However, primary
hepatic lymphoma is rare, even in the primarily HCV-

infected liver [11, 43]. Marcucci et al. [55] proposed
multifactorial models for lymphomagenesis in HCV-
seropositive cases, suggesting that lymphomagenesis was
caused by both HCV infection and additional factors such
as other receptors (CDS81 and others), EBV co-infection,
and environmental factors. The reasons for lymphoma
being rare in the liver may be related to localized lym-
phoid reactions in the portal area and to specific cytotoxic
immune reactions of pit (NK) cells in HCV infection [56].
Further studies are necessary to clarify the reasons for the
low incidence of primary hepatic lymphoma and the
mechanisms of lymphomagenesis in HCV infection.

The 5-year survival rate of the nine primary hepatic
DLBCL cases we examined was 43%, and the five
cases receiving rituximab plus cytotoxic treatment were
alive and well at the time of writing. A French lym-
phoma study demonstrated that 24 HCV-seropositive
systemic DLBCL cases had a significantly worse overall
2-year survival rate (56%) than 72 HCV-negative
DLBCL cases (80%), after matching for age and prog-
nostic factors (p=0.02) [57]. However, four reported
primary hepatic DLBCL cases had a good prognosis
after cytotoxic treatment with or without rituximab
[58]. Antiviral treatment after cytotoxic treatment also
contributed to a significantly longer disease-free survival
period in 69 HCV-seropositive B-cell lymphoma cases
(»<0.05) [59]. These data strongly suggest that rituxi-
mab plus cytotoxic treatment followed by antiviral treat-
ment may result in an improved clinical outcome in
primary hepatic and systemic HCV-seropositive DLBCL
cases.

@ Springer



386

Virchows Arch (2012) 460:379-387

Acknowledgments This study was supported in part by a grant (No.
066007) from the Central Research Institute of Fukuoka University.
We are grateful to Akiko Ogami, Tomomi Okabe, Kaori Saga, Akiko
Ishiguro, and Tomoko Fukushige for their excellent technical
assistance.

Competing interests The authors declare that they have no competing
financial interests and have no conflicts of interest to disclose.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution License which permits any use, distribution,
and reproduction in any medium, provided the original author(s) and
the source are credited.

References

1. Arcaini L, Paulli M, Boveri E, Vallisa D, Bernuzzi P et al (2004)
Splenic and nodal marginal zone lymphomas are indolent disorders
at high hepatitis C virus seroprevalence with distinct presenting
features but similar morphologic and phenotypic profiles. Cancer
100:107-115

2. Viswanatha DS, Dogan A (2007) Hepatitis C virus and lymphoma.
J Clin Pathol 60:1378-1383

3. Libra M, Polesel J, Russo AE, V De Re, Cina D et al (2010)
Extrahepatic disorders of HCV infection: a distinct entity of B-cell
neoplasia? Int J Oncol 36:1331-1340

4. Hermine O, Lefrere F, Bronowicki JP, Mariette X, Jondeau K et al
(2002) Regression of splenic lymphoma with villous lymphocytes
after treatment of hepatitis C virus infection. N Engl J Med
347:89-97

5. Feldmann G, Nischalke HD, Nattermann J, Banas B, Berg T et al
(2006) Induction of interleukin-6 by hepatitis C virus core protein
in hepatitis C-associated mixed cryoglobulinemia and B-cell non-
Hodgkin’s lymphoma. Clin Cancer Res 12:4491-4498

6. Wu C, Budhu A, Chen S, Zhou X, Popescu NC, Valerie K,
Wang XW (2006) Effect of hepatitis C virus core protein on
the molecular profiling of human B lymphocytes. Mol Med
12:47-53

7. Ito M, Murakami K, Suzuki T, Mochida K, Suzuki M et al (2010)
Enhanced expression of lymphomagenesis-related genes in periph-
eral blood B cells of chronic hepatitis C patients. Clin Immunol
135:459-465

8. Kasama Y, Sekiguchi S, Saito M, Tanaka K, Satoh M et al (2010)
Persistent expression of full genome of hepatitis C virus in B cells
induces spontaneous development of B-cell lymphomas in vivo.
Blood 116:4926-4933

9. Ramos-Casals M, Civita L, Vita S, Solans R, Luppi M et al (2007)
Characterization of B cell lymphoma in patients with Sjogren’s syn-
drome and hepatitis C virus infection. Arth Rheumatol 57:161-170

10. Floreani A, Baragiotta A, Leone MG, Baldo V, Naccarato R (2003)
Primary biliary cirrhosis and hepatitis C virus infection. Am J
Gastroenterol 98:2757-2762

11. Page RD, Romaguera JE, Osborne B, Medeiros LJ, Rodriguez J et
al (2001) Primary hepatic lymphoma: favorable outcome after
combination chemotherapy. Cancer 92:2023-2029

12. Bosman FT, Carneiro F, Hruban RH, Theise ND (2010) WHO
classification of tumours of the digestive system. IARC, Lyon, pp
239-240

13. Swerdlow SH, Campo E, Harris NL, Jaffe ES, Peleri SA et al
(2008) WHO classification of tumours of haematopoietic and
lymphoid tissues. IARC, Lyon

@ Springer

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Willenbrock K, Kriener S, Oeschger S, Hansmann ML (2006)
Nodular lymphoid hyperplasia of the liver with simultaneous
focal nodular hyperplasia and hemangioma. Virchows Arch
448:223-227

d’Amore F, Coiffier B, Crowther D, Crowther D, Gospodarowicz
M et al (1994) Report on a workshop convened to discuss the
pathological and staging classifications of gastrointestinal tract
lymphoma. Ann Oncol 5:397-400

Takeshita M, Sakai H, Okamura S, Higaki K, Oshiro Y et al (2006)
Prevalence of hepatitis C virus infection in cases of B-cell lym-
phoma in Japan. Histopathology 48:189-198

Ascoli V, Lo Coco F, Artini M, Levrero M, Martelli M, Negro F
(1998) Extranodal lymphomas associated with hepatitis C virus
infection. Am J Clin Pathol 109:600-609

Chowla A, Malhi-Chowla N, Chidambaram A, Surick B (1999)
Primary hepatic lymphoma in hepatitis C. Am Surg 65:881-883
Doi H, Horiike N, Hiraoka A, Koizumi Y, Yamamoto Y et al (2008)
Primary hepatic marginal zone B cell lymphoma of mucosa-
associated lymphoid tissue type. Int J Hematol 88:418-423

Eom D-W, Huh JR, Kang YK, Lee YS, Yu E (2004) Clinicopath-
ological features of eight Korean cases of primary hepatic lympho-
ma. Pathol Int 54:830-836

Gockel HR, Heidemann J, Lugering A, Mesters RM, Parwaersch R
et al (2005) Stable remission after administration of rituximab in a
patient with primary hepatic marginal zone B-cell lymphoma. Eur
J Haematol 74:445-447

Hayashi H, Ohtani H, Ueda T, Yamaguchi J, Izawa K et al (2006)
Primary hepatic lymphoma with spindle cell components. Virchows
Arch 449:591-596

lida T, Iwahashi M, Nakamura M, Nakamori M, Yokoyama S et al
(2007) Primary hepatic low-grade B-cell lymphoma of MALT asso-
ciated with Helicobacter pylori infection. Hepatogastroenterology
54:1898-1901

Maes M, Depardieu C, Dargent JL, Hermans M, Verhaeghe JL et al
(1997) Primary low-grade B-cell lymphoma of MALT-type occurring
in the liver. J Hepatol 27:922-927

Mahjoub WK, Chaumette-Planckaert MT, Penas EMM, Dierlamm
J et al (2008) Primary hepatic lymphoma of mucosa-associated
lymphoid tissue type. Int J Surg Pathol 16:301-307

Matano S, Nakamura S, Annen Y, Hattori N, Kiyohara K et al (1998)
Primary hepatic lymphoma in a patient with chronic hepatitis B. Am
J Gastroenterol 93:2301-2302

Mizorogi F, Hiramoto J, Nozato A, Takekuma Y, Nagayama K et al
(2000) Hepatitis C virus infection in patients with B-cell non-
Hodgkin’s lymphoma. Int Med 39:112-117

Mizuno S, Isaji S, Tabata M, Uemoto S, Imai H, Shiraki K (2002)
Hepatic mucosa-associated lymphoid tissue (MALT) lymphoma
associated with hepatitis C. J Hepatol 37:872—873

Mohler M, Gutzler F, Kallinowski B, Goeser T, Stremmel W
(1997) Primary hepatic high-grade non-Hodgkin’s lymphoma and
chronic hepatitis C infection. Diagn Dis Sci 42:2241-2245
Murakami J, Fukushima N, Ueno H, Saito T, Watanabe T et al
(2002) Primary hepatic low-grade B-cell lymphoma of the
mucosa-associated lymphoid tissue type. Hematology 75:1431—
1439

Orrego M, Guo L, Reeder C, De Petris G, Balan V et al (2005)
Hepatic B-cell non-Hodgkin’s lymphoma of MALT type in the
liver explant of a patient with chronic hepatitis C infection. Liver
Transpl 11:796-799

Prabhu RM, Medeiros LJ, Kumar D, Drachenbery CI, Papadimitriou
JC et al (1998) Primary hepatic low-grade B-cell lymphoma of
mucosa-associated lymphoid tissue (MALT) associated with primary
biliary cirrhosis. Mod Pathol 11:404—410

Rubin-Brandt L, Brundler M-A, Kerl K, Negro F, Nador RG et al
(1999) Primary hepatic diffuse large B cell lymphoma in a patient
with chronic hepatitis C. Am J Surg Pathol 23:1124-1130



Virchows Arch (2012) 460:379-387

387

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Sato S, Masuda T, Oikawa H, Satoh T, Suzuki Y et al (1999)
Primary hepatic lymphoma associated with primary biliary cirrhosis.
Am J Gastroenterol 94:1669-1673

Takeshima F, Kunisaki M, Aritomi T, Osabe M, Akama F et al
(2004) Hepatic mucosa-associated lymphoid tissue lymphoma and
hepatocellular carcinoma in a patient with hepatitis B virus infec-
tion. J Clin Gastroenterol 38:823-826

Tsuruta S, Enjoji M, Nakamuta M, Makihata T, Kotoh K, Sakai H,
Ando B, Nawata H (2002) Primary hepatic lymphoma in a patient
with Sjogren’s syndrome. J Gastroenterol 37:129-132

Yago K, Shimada H, Itoh M, Ooba N, Itoh K et al (2002) Primary
low-grade B-cell lymphoma of mucosa-associated lymphoid tissue
(MALT)-type of the liver in a patient with hepatitis C virus infec-
tion. Leuk Lymphoma 43:1497-1500

Ye MQ, Suriawinata A, Black C, Min AD, Strauchen J, Thung SN
(2000) Primary hepatic marginal zone B-cell lymphoma of
mucosa-associated lymphoid tissue type in a patient with primary
biliary cirrhosis. Arch Pathol Lab Med 124:604—608

Masood A, Kairouz S, Hudhud KH, Hegazi AZ, Banu A, Gupta
NC (2009) Primary non-Hodgkin lymphoma of liver. Curr Oncol
16:74-77

Delshad SD, Ahdoot JJ, Portocarrero DJ (2010) Primary hepatic
lymphoma. Clin Gastroenterol Hepatol 8:e49—e50

Nakayama S, Yokote T, Kobayashi K, Hirata Y, Akioka T et al
(2010) Primary hepatic MALT lymphoma associated with primary
biliary cirrhosis. Leuk Res 34:e17—20

Oda Y, Kou T, Watanabe M, Sakuma Y, Taguchi N et al (2010)
Regression of B-cell lymphoma of the liver with hepatitis C virus
infection after treatment with pegylated interferon-« and ribavirin.
Dig Dis Sci 55:1791-1793

Bronowicki JP, Bineau C, Feugier P, Hermine O, Brousse N et al
(2003) Primary lymphoma of the liver. Hepatology 37:781-787
Alzahrani AJ, Vallely PJ, McMahon RFT (2002) Development of a
novel nested in situ PCR—ISH method for detection of hepatitis C
virus RNA in liver tissue. J Virol Methods 99:53-61

Sung VMH, Shimodaira S, Doughty AL, Piccio GR, Can H et al (2003)
Establishment of B-cell lymphoma cell lines persistently infected with
hepatitis C virus in vivo and in vitro. J Virol 77:2134-2146

Machida K, Cheng KTN, Sung VMH, Shimodaira S, Lindsay KL
et al (2004) Hepatitis C virus induces a mutator phenotype: en-
hanced mutations of immunoglobulin and protooncogenes. Proc
Natl Acad Sci USA 101:4262-4267

Zuckerman E, Zuckerman T, Sahar D, Streichman S, Attias D et al
(2001) The effect of antiviral therapy on t(14;18) translocation and

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

immunoglobulin gene rearrangement in patients with chronic hep-
atitis C virus infection. Blood 97:1555-1559

Machida K, Tsukiyama-Kohara K, Sekiguchi S, Seike E, Téne S et
al (2009) Hepatitis C virus and disruption of interferon signaling
promote lymphoproliferation via type II CD95 and interleukins.
Gastroenterology 137:285-296

Takeshita M, Sakai H, Okamura S, Oshiro Y, Higaki K et al (2005)
Splenic large B-cell lymphoma in patients with hepatitis C virus
infection. Human Pathol 36:878—885

De Re V, Pavan A, Sansonno S, Sansonno D, Racanelli V (2009)
Clonal CD27+, CD19+ B cell expansion through inhibition of FC
gamma [IR in HCV(+) cryoglobulinemic patients. Ann N Y Acad
Sci 1173:326-333

De Re V, Caggiar L, Monti G, Libra M, Spina M et al (2010) HLA
DR-DQ combination associated with the increased risk of devel-
oping human HCV-seropositive non-Hodgkin’s lymphoma is re-
lated to the type Il mixed cryoglobulinemia. Tissue Antigens
75:127-135

Saadoun D, Landau DA, Calabrese LH, Cacoub PP (2007)
Hepatitis-associated mixed cryoglobulinemia. Rheumatology
46:1234-1242

Tanaka K, Aiyama T, Imai J, Morishita Y, Fukatsu T, Kakumu S
(1995) Serum cryoglobulinemia and chronic hepatitis C virus disease
among Japanese patients. Am J Gastroenterol 90:1847—1852

Zen Y, Fujii T, Sato Y, Masuda S, Naganuma Y (2007) Patholog-
ical classification of hepatic inflammatory pseudotumor with re-
spect to IgG4-related disease. Mod Pathol 20:884—-894

Marcucci F, Mele A (2011) Hepatitis viruses and non-Hodgkin
lymphoma. Blood 117:1792-1798

Bonorino P, Ramzan M, Camous X, Dufeu-Duchesne T, Thélu
MA et al (2009) Fine characterization of intrahepatic NK cells
expressing natural killer receptors in chronic hepatitis B and C. J
Hepatol 51:458-467

Besson C, Canioni D, Lepage E, Pol S, Morel P et al (2006) Character-
istics and outcome of diffuse large B-cell lymphoma in hepatitis C
virus-positive patients in LNH 93 and LNH 98 groupe d’Etude des
lymphomes de I’Adulte Programs. J Clin Oncol 24:953-960

De Renzo A, Perna F, Persico M, Notaro R, Mainolfi C et al (2008)
Excellent prognosis and prevalence of HCV infection of primary he-
patic and splenic non-Hodgkin’s lymphoma. Eur J Haematol 81:51-57
La Mura V, De Renzo A, Perna R, D’Agostino D, Masarone M et
al (2008) Antiviral therapy after complete response to chemother-
apy could be efficacious in HCV-seropositive non-Hodgkin’s lym-
phoma. J Hepatol 49:557-563

@ Springer



	Etiological factors in primary hepatic B-cell lymphoma
	Abstract
	Introduction
	Materials and methods
	Case selection
	Examination for HCV and HBV infections
	Histology and immunohistology
	In situ hybridization for detection of Epstein–Barr virus-encoded RNA (EBER)
	Statistical analyses
	Selection of 36 previously reported primary hepatic B-cell lymphoma cases

	Results
	Clinical findings, laboratory data, and outcomes
	Histological and immunohistological findings
	Findings of 36 previously reported of primary hepatic B-cell lymphoma cases

	Discussion
	References




