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ABSTRACT

Background Some epidemiologic studies suggest
a link between hepatitis C virus (HCV) infection and
some B-cell non-Hodgkin’s lymphomas. We undertook
this study after a patient with splenic lymphoma with
villous lymphocytes had a hematologic response after
antiviral treatment of HCV infection.

Methods Nine patients who had splenic lymphoma
with villous lymphocytes and HCV infection were treat-
ed with interferon alfa-2b (3 million IU three times per
week) alone or in combination with ribavirin (1000 to
1200 mg per day). The outcomes were compared with
those of six similarly treated patients with splenic lym-
phoma with villous lymphocytes who tested negative
for HCV infection.

Results Of the nine patients with HCV infection who
received interferon alfa, seven had a complete remis-
sion after the loss of detectable HCV RNA. The other
two patients had a partial and a complete remission
after the addition of ribavirin and the loss of detect-
able HCV RNA. One patient had a relapse when the
HCV RNA load again became detectable in blood. In
contrast, none of the six HCV-negative patients had
a response to interferon therapy.

Conclusions In patients with splenic lymphoma
with villous lymphocytes who are infected with HCV,
treatment with interferon can lead to regression of
the lymphoma. (N Engl J Med 2002;347:89-94.)
Copyright © 2002 Massachusetts Medical Society.

EPATITIS C virus (HCV) is the chief

etiologic agent of non-A, non-B chronic

hepatitis,! and several epidemiologic stud-

ies suggest that HCV may be involved in
the pathogenesis of several B-cell lymphoproliferative
disorders. Antibodies against HCV, HCV RNA, or
both have been detected in most patients with type 11
cryoglobulinemia, which is characterized by the clonal
expansion of B cells that may evolve into low-grade or
high-grade non-Hodgkin’s lymphoma.2 Studies in It-
aly, southern California, and Japan have reported a
high prevalence (9 to 32 percent) of chronic HCV
infection among patients with B-cell non-Hodgkin’s
lymphoma.3# B-cell non-Hodgkin’s lymphoma is a
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heterogeneous group of diseases that originate from
B-cell precursors at various stages of development and
that may have different causes.> HCV infection is most
frequently encountered in patients with lympho-
plasmacytoid lymphoma or immunocytoma—lympho-
ma,*? which are characterized by an infiltration of
small B cells and plasmacytes in the bone marrow and
lymph nodes and are often associated with a serum
IgMk component. Marginal-zone lymphomas of the
lymph node and diffuse primary hepatosplenic large-
B-cell lymphomas have also been reported to be re-
lated to HCV infection.?* However, other epidemi-
ologic studies have not shown any association between
HCV and non-Hodgkin’s lymphoma.10-14

Splenic lymphoma with villous lymphocytes is a
chronic B-cell lymphoproliferative disorder character-
ized by splenomegaly and a clonal expansion of B cells,
with villous projections, in peripheral blood. The
B cells probably originate from lymphomas of the
marginal zone of the spleen.’s This type of non-Hodg-
kin’s lymphoma has an indolent course characterized
by the slow progression of splenomegaly and a grad-
ual increase in tumoral B cells in peripheral blood.

Because splenic lymphoma with villous lymphocytes
regressed in one patient who received interferon alfa
for a symptomatic cryoglobulinemia associated with
HCV infection (Patient 1) and because some studies
suggest that marginal-zone lymphoma and splenic
lymphomas are associated with HCV infection,?? we
tested the hypothesis that HCV infection has a role
in splenic lymphoma with villous lymphocytes. Al-
though there is no evidence that interferon alfa ther-
apy is effective in this subtype of lymphoma,!® we also
investigated the effect of antiviral therapy on the
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course of splenic lymphoma with villous lymphocytes
in patients with HCV infection and in those without
HCV infection.

METHODS
Patients

To evaluate the effect of HCV infection and antiviral therapy on
the course of splenic lymphoma with villous lymphocytes, we en-
rolled eight patients in addition to Patient 1 who were being treat-
ed at one of several French centers. All patients gave oral informed
consent, and the study was authorized by the French Department
of Health. Furthermore, using a national retrospective survey of
patients who had splenic lymphoma with villous lymphocytes, we
identified six patients who had received similar treatment with in-
terferon, presumably in attempts to control the lymphoma, but who
were negative for HCV infection.

The diagnosis of splenic lymphoma with villous lymphocytes was
based on the presence of typical clinical, hematologic, and immu-
nologic findings as previously described.!s16 Briefly, splenic lym-
phoma with villous lymphocytes was defined by the presence of sple-
nomegaly, lymphocytes with villous projections in the peripheral
blood (Fig. 1), and B cells that expressed IgM, CD19, CD20, and
DBA44 and were negative for CD5.15 A variable degree of anemia,
thrombocytopenia, and monoclonal immunoglobulin component
could also be present. All blood smears and immunophenotypic
findings were reviewed by two expert cytologists.

Laboratory Analyses

Immunoblotting for cryoglobulin was performed as previously
described.'” An assay for rheumatoid factor and serum protein elec-
trophoresis were performed with the use of standard methods. HCV
antibodies were detected by two specific third-generation immu-
noassays (Monolisa anti-HCV Plus, Sanofil Diagnostic Pasteur, and
Axsym HCV, version 3.0, Abbott). Serum HCV RNA was measured
by a reverse-transcription—polymerase-chain-reaction (RT-PCR) as-
say (Amplicor HCV test, Roche Diagnostics).

Figure 1. Peripheral-Blood Smear Showing Villous Lymphocytes
(May-Grunwald-Giemsa Staining, X100).

Two lymphoid cells have thin, short villi concentrated at one
pole. In each cell the nucleus is round and contains clumped
chromatin.
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Antiviral Treatment

Both groups of patients received the same regimen of interferon
alfa. Initially, they received 3 million IU of recombinant interferon
alfa-2b subcutaneously three times a week for six months. Patients
who had a partial response were treated for one year or more, until
a complete clinical response was achieved. In HCV-positive patients
with detectable HCV RNA who had no therapeutic response, riba-
virin (1000 to 1200 mg per day) was added to interferon treatment.
In patients with progression of lymphoma, treatment was scheduled
to be stopped before six months.

Response Criteria

The patients’ responses were evaluated every three months by
means of a clinical examination, ultrasonography, peripheral-blood
count, examination of blood smears, and quantitation of HCV RNA
in blood. Examination of bone marrow was not required for the as-
sessment of hematologic response. Clinical manifestations associated
with cryoglobulinemia were also assessed every three months before
and during treatment.

A complete hematologic response was defined by the resolution
of splenomegaly (the spleen was not palpable on clinical examina-
tion, was smaller than 14 cm in its larger axis on ultrasonography,
or had both characteristics), a platelet count of 100,000 per cubic
millimeter or more, an absolute neutrophil count of 1000 per cubic
millimeter or more, a hemoglobin level of 10 g per deciliter or more
(without blood transfusion), and the absence of circulating villous
lymphocytes. A partial response was defined by a decrease in the size
of the spleen by at least 50 percent and by an improvement in
hematologic values of more than 50 percent over base-line values,
resulting in an absolute neutrophil count of less than 1000 per cu-
bic millimeter, a platelet count of less than 100,000 per cubic mil-
limeter, or a hemoglobin level of less than 10 g per deciliter. Treat-
ment failure and disease progression were defined as a persistent
or progressive increase in the number of peripheral-blood villous
lymphocytes and splenomegaly, respectively. Relapse was defined by
a progressive increase in the number of peripheral-blood villous lym-
phocytes, increasing splenomegaly, or both after an initial complete
or partial response.

Follow-up Studies

The size of the spleen below the costal margin, and the severity
of clinical manifestations associated with cryoglobulinemia, periph-
eral-blood count, finding on examination of blood smears, and
HCV RNA load were determined every three months after the dis-
continuation of the interferon alfa therapy. All patients were ob-
served for at least 12 months after the completion of therapy.

Statistical Analysis

The two groups of patients were compared with use of Fisher’s
exact test and the Epi Info computer program (version 2000, Cen-
ters for Disease Control and Prevention).

RESULTS
Characteristics of Patients with HCV Infection

Table 1 summarizes the characteristics of the nine
patients who had splenic lymphoma with villous lym-
phocytes and HCV infection. The median age was
55 years (range, 38 to 78). Five patients had not re-
ceived prior therapy, and two had undergone splenec-
tomy, one of whom had also received chemotherapy.
Six patients presented with clinical manifestations of
cryoglobulinemia: two had purpura, four had arthral-
gia, one had peripheral neuropathy, and one had renal
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TABLE 1. CHARACTERISTICS OF THE NINE PATIENTS WITH SPLENIC LYMPHOMA WITH VILLOUS LYMPHOCYTES AND HEPATITIS C VIRUS (HCV) INFECTION.*
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*MC denotes mixed cryoglobulinemia, RF rheumatoid factor, and CHOP cyclophosphamide, doxorubicin, vincristine, and prednisone.

tDashes indicate that the patient had undergone splenectomy.

disease. These six patients had both detectable rheu-
matoid factor and cryoglobulinemia. One patient
had post-hepatitis cirrhosis.

Response to Antiviral Treatment

All nine patients had a negative HCV RT-PCR as-
say after antiviral therapy (Fig. 2). Seven patients (Pa-
tients 1, 2, 3, 5, 6, 7, and 8) had a sustained antiviral
response, with a negative HCV RT-PCR assay after
three to six months of interferon therapy. All of these
patients had a progressive decrease in both spleen size
and the number of villous lymphocytes in peripheral
blood (Fig. 2). In these patients, the response was
concomitant with the negative RT-PCR assay for
HCV RNA. At six months, Patients 4 and 9 still had
detectable levels of HCV RNA and no clinically sig-
nificant hematologic response. However, after the ad-
dition of ribavirin to interferon alfa, Patient 4 had un-
detectable levels of HCV RNA and a complete clinical
and biologic hematologic response. In Patient 9, the
HCV RT-PCR eventually became negative, villous
lymphocytes disappeared from peripheral blood, the
complete blood count returned to normal, and the
size of the spleen was reduced by at least 50 percent,
but the spleen remained palpable (2 cm below the
costal margin).

Follow-up Study

After a median follow-up of 27 months (range, 15
to 40), seven patients still had a complete hematolog-
ic response while remaining negative for HCV RNA,
one still had a partial response (Patient 9), and one
(Patient 6) had had a relapse of splenic lymphoma with
villous lymphocytes and detectable levels of HCV
RNA (Fig. 2). Treatment with interferon and ribavirin
resulted in a second virologic response, and Patient 6
had a complete hematologic response (Fig. 2). This
patient still has a complete hematologic response af-
ter a follow-up of 40 months. After antiviral therapy
and the loss of detectable HCV RNA, despite persist-
ent cryoglobulinemia and detection of rheumatoid
factor, the clinical manifestations of cryoglobulinemia
disappeared in all symptomatic patients.

Characteristics of Patients without HCV Infection

The characteristics of the six patients without HCV
infection were similar to those of the patients with
HCV infection, except for the absence of clinical or
biologic manifestations of cryoglobulinemia (Table 2).
None of the six patients had a response to interferon
therapy (data not shown). The size of the spleen and
the villous lymphocyte count remained stable in five
patients despite at least six months of interferon ther-
apy. One patient (Patient 14) had disease progression
after four months of therapy, leading to the discontin-
uation of interferon. The difference in response be-
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tween HCV-positive patients and HCV-negative pa-
tients was statistically significant (P<<0.01).

DISCUSSION

Splenic lymphoma with villous lymphocytes is char-
acterized by splenomegaly and various degrees of ane-
mia, thrombocytopenia, or both. This disease has a
relatively indolent course and is usually treated by
splenectomy, chemotherapy (including fludarabine),
or both; the overall five-year survival rate is 80 per-
cent.!%18 The immunologic phenotype of splenic lym-
phoma with villous lymphocytes is similar to that of
immunocytoma—lymphoma (e.g., negative for CD5
and positive for CD19 and IgM) and, in a significant
number of cases, is also associated with the presence
of a serum monoclonal immunoglobulin component.

We obtained therapeutic evidence that HCV may
have a critical role in splenic lymphoma with villous
lymphocytes. We first observed the unexpected regres-
sion of splenic lymphoma with villous lymphocytes in
a patient who was treated with interferon alfa for a
symptomatic type II cryoglobulinemia (Patient 1).
This prompted us to evaluate the effect of interferon
alfa in eight additional patients, and we found that sev-
en patients had both a complete virologic and a he-
matologic response. In contrast, the six patients with
splenic lymphoma with villous lymphocytes but with-
out HCV infection had no hematologic response. It
is unlikely that this difference is due to the selection
of'a group of patients who are more sensitive to ther-
apy, since more of the HCV-positive patients had
previously received chemotherapy. Thus, a direct an-
tiproliferative effect of interferon on splenic lympho-
ma with villous lymphocytes probably did not ac-
count for the response observed in these patients.

The relation between the course of splenic lym-
phoma with villous lymphocytes and the HCV RNA
load was also illustrated by the observation that a com-
plete hematologic response occurred in patients who
had a partial response or a relapse after the addition of
ribavirin treatment and the loss of detectable HCV
RNA. In all five patients in whom molecular studies
were performed, the rearrangement of the monoclon-
al immunoglobulin gene observed at diagnosis was still
detectable in the blood even after a complete hema-
tologic response had been achieved (data not shown).
These findings differ from those of Zuckerman et al.,!?
who recently reported the disappearance of B-cell
clones from the blood of HCV-infected patients after
antiviral therapy. This discrepancy might be explained
by the fact that the population of patients studied by
Zuckerman et al. did not have clinically evident lym-
phoma and were thus probably still dependent on
HCV stimulation for B-cell survival.

The mechanisms by which HCV infection leads to
the development of B-cell lymphoma remain to be de-
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termined. Our results bring to mind the finding that
Helicobacter pylori infection has a pathogenic role in
the development of gastric lymphoma involving mu-
cosa-associated lymphoid tissue (MALT), another sub-
type of marginal-zone lymphoma that originates in
marginal B cells of the mucosa. Most cases of MALT
gastric non-Hodgkin’s lymphoma regress after the
eradication of H. pylors infection,20 as was also the case
in our patients with splenic lymphoma with villous
lymphocytes who had a complete hematologic re-
sponse after antiviral therapy and the loss of detectable
HCV RNA .20 In the case of H. pylors infection, non-
Hodgkin’s lymphoma is supposed to be due to the
chronic stimulation of immunologic tissues by bac-
terial antigens, resulting in clonal expansion of B cells
and secondary progression to non-Hodgkin’s lympho-
ma. Stimulation of marginal-zone B cells in the spleen
by persistent HCV antigens, particularly the E2 viral
antigen, might also be involved in the pathogenesis of
splenic lymphoma with villous lymphocytes,2!:22 since,
on antigenic stimulation, the normal marginal-zone
B cells exhibit somatic hypermutation and expand
clonally.23.2¢ These CD5—IgM+ clones may persist
and enter the circulation. Alternatively, HCV may have
a direct oncogenic effect on B cells. Indeed, HCV is
capable of infecting B cells, and low-density lipopro-
tein receptors2s and CD8126 are candidate receptors
for the virus. Moreover, some HCV proteins, such
as HCV protein core and nonstructural protein 5A,
apparently have a direct effect on cellular proliferation
and viability.2722 However, we were unable to detect
HCV proteins in villous lymphocytes or any partic-
ular viral genotype (data not shown).

In conclusion, our observations in patients with
splenic lymphoma with villous lymphocytes extend
those of previous epidemiologic studies suggesting
that HCV infection has a role in lymphomagenesis.
Therefore, systematic screening for HCV infection
should be performed in patients who have been given
a diagnosis of splenic lymphoma with villous lympho-
cytes. In HCV-positive patients, antiviral therapy may
be an alternative to splenectomy, chemotherapy, or
both. Epidemiologic studies are warranted in larger
groups of patients with splenic lymphoma with villous
lymphocytes and other low-grade B-cell non-Hodg-
kin’s lymphomas, particularly marginal-zone lympho-
mas. Larger therapeutic trials of antiviral therapy are

Figure 2 (facing page). Response to Antiviral Treatment of Pa-
tients with Splenic Lymphoma with Villous Lymphocytes and
Hepatitis C Virus (HCV) Infection.

Serum HCV RNA was measured by a reverse-transcription—
polymerase-chain-reaction (RT-PCR) assay. Patients 3 and 8 had
undergone splenectomy.
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TABLE 2. CHARACTERISTICS OF THE SIX PATIENTS WITH SPLENIC LYMPHOMA WITH VILLOUS LYMPHOCYTES
WITHOUT HEPATITIS C VIRUS INFECTION.

ABSOLUTE
PATIENT  AGE (YR)/ NEUTROPHIL
No. SEX PRIOR THERAPY SPLEEN SizE CounT
cm below
costal margin
10 54/F None 8 1.4
11 72/F None 0 2.1
12 61/M None 10 2.3
13 61/F Splenectomy, —* 1.9
chlorambucil
14 69/M None 10 1.1
15 58/M None 6 1.2

DURATION OF

ViLLous PLATELET INTERFERON OUTCOME AFTER

LympHOCYTES ~ COUNT HemoGLoBIN THERAPY INTERFERON THERAPY
X10-3/mm3 g/di mo

4.5 88 11 7 Treatment failure

44 139 12 9 Treatment failure

2 106 10.6 6 Treatment failure

94 265 13 6 Treatment failure

100 88 10 4 Progression
19 89 9.8 6 Treatment failure

*Patient 13 had undergone splenectomy.

needed to determine the role of antiviral therapy in
HCV-infected patients with low-grade lymphoma.

We are indebted to J.P. Hayman (Hopital Tenon, Paris), F. Le-
geune (Hopital Jean Verdier, Bondy, France), K. Edric, G. Damayj, and
C. Belanger (all ar Hopital Necker, Paris), and F. Dreyfus (Hopital
Cochin, Paris) for their help in caving for and following the patients;
to C. Besson (Hopital Necker, Pavis) for help with the statistical analy-
sis; and to A. Tu for assistance in the preparation of the manuscript.

REFERENCES

1. Choo QL, Kuo G, Weiner AJ, et al. Isolation of a cDNA clone derived
from a blood-borne non-A non-B viral hepatitis genome. Science 1989;
244:359-62.

2. Silvestri F, Pipan C, Barillari G, et al. Prevalence of hepatitis C virus in-
fections in patients with lymphoproliferative disorders. Blood 1996;87:
4296-301.

3. Zuckerman E, Zuckerman T, Levine A, et al. Hepatitis C virus infection
in patients with B-cell non-Hodgkin lymphoma. Ann Intern Med 1997,
127:423-8.

4. Tzumi T, Sasaki R, Tsunoda S, Akutsu M, Okamoto H, Miura Y. B cell
malignancy and hepatitis C virus infection. Leukemia 1997;11:Suppl 3:516-8.
5. Kuppers R, Klein U, Hansmann ML, Rajewsky K. Cellular origin of
human B-cell lymphomas. N Engl ] Med 1999;341:1520-9.

6. Pozzato G, Mazzaro C, Crovatto M, et al. Low-grade malignant lym-
phoma hepatitis C virus infection and mixed cryoglobulinemia. Blood
1994:84:3047-53.

7. Rasul I, Shepherd FA, Kamel-Reid S, et al. Detection of occult low-
grade B-cell non Hodgkin’s lymphoma in patient with chronic hepatitis C
virus infection and mixed cryoglobulinemia. Hepatology 1999;29:543-7.
8. Ivanovski M, Silvestri F, Pozzato G, et al. Somatic hypermutation,
clonal diversity and preferential expression of the VH 51p1/VL kv325 im-
munoglobulin gene combination in hepatitis C virus associated immuno-
cytomas. Blood 1998;91:2433-42.

9. Luppi M, Longo G, Ferrari MG, et al. Clinico-pathological character-
ization of hepatitis C virus-related B-cell non-Hodgkin’s lymphomas with-
out symptomatic cryoglobulinemia. Ann Oncol 1998;9:495-8.

10. King P, Wilkes J, Dias-Arias A, et al. Hepatitis C virus infection in
non-Hodgkin’s lymphoma. Clin Lab Haematol 1998;20:107-10.

11. Collier JD, Zanke B, Moore M, et al. No association between hepatitis
C and B-cell lymphoma. Hepatology 1999;29:1259-61.

12. Ellenreider V, Weidenbach H, Frickhofen N, et al. HCV and HGV in
B-cell lymphoma. ] Hepatol 1998;23:34-9.

13. Brind AM, Watson JP, Burt A, et al. Non-Hodgkin’s lymphoma and
hepatitis C virus infection. Leuk Lymphoma 1996;21:127-30.

14. Germanidis G, Haioun C, Pourquier J, et al. Hepatitis C virus infec-

94 - N Engl ] Med, Vol. 347, No. 2 -

tion in patients with overt B-cell non-Hodgkin’s lymphoma in a French
center. Blood 1999;93:1778-9.

15. Troussard X, Valensi F, Duchayne E, et al. Splenic lymphoma with vil-
lous lymphocytes: clinical presentation, biology and prognostic factors in a
series of 100 patients. Br ] Hematol 1996;93:731-6.

16. Harris NL, Jaffe ES, Diebold J, et al. World Health Organization clas-
sification of neoplastic diseases of the hematopoietic and lymphoid tissues:
report of the Clinical Advisory Committee meeting — Airlie House, Vir-
ginia, November 1997. J Clin Oncol 1999;17:3835-49.

17. Musset L, Diemert MC, Taibi F, et al. Characterization of cryoglobu-
lins by immunoblotting. Clin Chem 1992;38:798-802.

18. Lefrere E, Hermine O, Belanger C, et al. Fludarabine: an effective
treatment in patients with splenic lymphoma with villous lymphocytes.
Leukemia 2000;14:573-5.

19. Zuckerman E, Zuckerman T, Sahar D, et al. The effect of antiviral ther-
apy on t(14;18) translocation and immunoglobulin gene rearrangement in
patients with chronic hepatitis C virus infection. Blood 2001;97:1555-9.
20. Wotherspoon AC, Ortiz-Hidalgo C, Falzon MR, et al. Helicobacter
pylori associated gastritis and primary B-cell gastric lymphoma. Lancet
1991;339:1175-6.

21. Chan CH, Hadlock KG, Foung S, Levy S. V(H)1-69 gene is prefer-
entially used by hepatitis C virus-associated B cell lymphomas and by nor-
mal B cells responding to the E2 viral antigen. Blood 2001;97:1023-6.
22. Quinn ER, Chan CH, Hadlock KG, Foung SK, Flint M, Levy S. The
B-cell receptor of a hepatitis C virus (HCV)-associated non-Hodgkin lym-
phoma binds the viral E2 envelope protein, implicating HCV in lympho-
magenesis. Blood 2001;98:3745-9.

23. Tierens A, Delabie J, Michiels L, Vandenberghe P, De Wolf-Peeters C.
Marginal-zone B cells in the human lymph node and spleen show somatic
hypermutations and display clonal expansion. Blood 1999;93:226-34.

24. De Re 'V, De Vita S, Marzotto A, et al. Sequence analysis of the immu-
noglobulin antigen receptor of hepatitis C virus-associated non-Hodgkin
lymphoma suggests that the malignant cells are derived from the rheuma-
toid factor-producing cells that occur mainly in type II cryoglobulinemia.
Blood 2000;96:3578-84.

25. Agnello V, Abel G, Elfahal M, Knight GB, Zhang QX. Hepatitis C
virus and other flaviviridae viruses enter cells via low density lipoprotein
receptor. Proc Natl Acad Sci U S A 1999;96:12766-71.

26. Pileri P, Uematsu Y, Campagnoli S, et al. Binding of hepatitis C virus
to CD8I. Science 1998;282:938-41.

27. Sakamuro D, Furukawa T, Takegami T. Hepatitis C virus nonstructural
protein NS3 transforms NIH3T3 cells. J Virol 1995;69:3893-6.

28. Ray B, Lagging L, Meyer K, et al. Hepatitis C virus core protein co-
operates with ras and transforms primary rat embryo fibroblast to tumor-
igenic phenotype. J Virol 1996;70:4438-43.

29. Moriya K, Fujie H, Shintani Y, et al. The core protein of hepatitis C
virus induces hepatocellular carcinoma in transgenic mice. Nat Med 1998;
4:1065-7.

Copyright © 2002 Massachusetts Medical Society.

July 11, 2002 - www.nejm.org

Downloaded from www.nejm.org on November 23, 2009 . For personal use only. No other uses without permission.
Copyright © 2002 Massachusetts Medical Society. All rights reserved.



