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Abstract

Mucosa-associated lymphoid tissue (MALT) lymphomas are often multifocal with patchy distribution that can be scattered
throughout an involved organ. Previous studies have shown that each of these surrounding foci is often clonally related. Less
is known about the clonal relationship of MALT lymphomas that involve multiple different organ systems. To investigate the
clonal relationship of MALT lymphomas that involve multiple different organ systems, we retrospectively reviewed records
of all marginal zone lymphoma from our database. Three cases were found to have multiple organ involvement and subjected
to the analysis of the rearranged immunoglobulin variable regions using a polymerase chain reaction—based assay. Three
cases of MALT lymphomas arising from multiple sites include liver and lung, gastric and lung, nasopharynx, and parotid.
Our results demonstrate that two of these cases show a clonal relationship; however, one case appears clonally distinct and
appears unrelated. With reviewing the literature of MALT lymphomas that involve multiple different organ systems, it overall
supports that clearly these have the potential to disseminate to other extranodal locations; however, involvement of multiple

different organ systems should not necessarily be considered definitive evidence for disseminated or advanced disease.
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Introduction

Extranodal marginal zone B-cell lymphoma of mucosa-
associated lymphoid tissue (MALT), also known as MALT
lymphoma, is a low-grade B-cell lymphoma that arises in
extranodal sites. A wide range of extranodal sites can be
involved, but typically, these tumors are associated with
epithelial elements, e.g., stomach, lung, ocular adnexa, and
salivary gland [1]. MALT lymphomas have been shown to
represent approximately 7-8% of all non-Hodgkin lympho-
mas, with the most common site of involvement being the
stomach, accounting for more than half of all cases [2, 3]. In
general, chronic inflammation appears as a universal central
component in the lymphomagenesis of MALT lymphomas,
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whether it be related to infectious, autoimmune, or some
other unknown stimulus. [4-6].

Recurrent genetic abnormalities have been described in
MALT lymphomas and vary based on the primary site of
disease, but do show some preferential distribution, such
as the t(11;18)(q21; q21) occurring mainly in pulmonary
and gastric tumors [7]. Currently, there are no available
unique immunohistochemical markers to identify organ-
specific—derived MALT lymphomas. Molecular analysis
of immunoglobulin heavy-chain and light-chain genes of
MALT lymphoma feature clonally rearrangements and typi-
cally feature somatic mutation of their variable regions, con-
sistent with derivation from post-germinal center memory
B-cells [8].

MALT lymphomas can often show multifocal involve-
ment of the same organ system, which has been best studied
in the context of gastric MALT lymphoma where most cases
appear to be clonally related [9-13]. MALT lymphomas
have the potential to disseminate and in 17% of cases can
involve lymph nodes and approximately 10% can have bone
marrow involvement [14]. However, the clonal relationship
of MALT lymphomas involving multiple different organ
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systems is incompletely understood. Herein, we evaluate and
report three cases of MALT lymphomas at multiple sites
including liver and lung, gastric and lung, nasopharynx, and
parotid as well as review the literature relating to the clonal
aspects of multi-sited MALT lymphomas.

Materials and methods

We retrospectively reviewed records of all marginal zone
lymphoma at our institution from January 1991 to January
2021 from our database and collected data on the patients
diagnosed with MALT lymphoma. Further inclusion cri-
teria required a diagnosis of MALT lymphoma arising in
more than one distinct separate organ system. The diagno-
sis of MALT lymphoma was made based on histology. The
selected paired cases were reviewed independently with con-
cordance by two experienced pathologists. For this study,
bone marrow and regional lymph node involvement was not
included as this was more strongly presumed to represent
disease dissemination. Genomic DNA is extracted using
Maxwell RSC DNA Purification Kits (Promega, USA).
Immunoglobulin gene rearrangement assays were performed
according to instructions of the Biomed-2 Polymerase Chain
Reaction kit (Invivoscribe technologies, Inc., CA, USA)

regarding immunoglobulin heavy chain gene (IGH) involv-
ing FR1, FR2, and FR3 as well as k light chain gene (IGK)
involving Vk-Jk and Kde (x deleting element), followed by
capillary electrophoresis.

Results

We identified 845 patients with MALT lymphoma who were
diagnosed in our hospital system from 1991 to 2021. Of
these, three patients were determined to have MALT lym-
phoma arising in two 2 different anatomic sites (Table 1).

Case 1 is an 89-year-old female with chronic dry cough.
She denies fevers, chills, night sweats, pain, and uninten-
tional weight loss. CT chest showed multiple large lung
cystic abnormalities with thickened walls and multiple soft
tissue nodular opacities. MRCP noted a segment 4A liver
lesion measuring 2.2 cm.

Case 2 is a 63-year-old female with history of HIV and
hepatitis C. She noted an enlargement of the right parotid
gland which fluctuated in size over the subsequent months.
She reported pain in the right face and ear and had numbness
of the right side of the face. CT scan demonstrated a large
lobulated mass involving the superficial and deep lobes of
the right parotid gland, measuring 4.6 X 3.2 cm, and bulky

Table 1 Summary of reported MALT lymphomas involving multiple organ systems reported in the literature and the present cases

Author, year, reference Sex/age Site 1 Site 2 Clonally related Synchronous (*)
Konoplev et al., 2010 [17] F/73 Stomach Nasopharynx No No (0.3 years)
F/33 Stomach Lung No No (2.7 years)
F/54 Ocular Adnexa Nasopharynx No Yes
F/73 Ocular Adnexa Parotid gland Yes Yes
Alpen et al., 2004 [11] F/69 Stomach Lung No Yes
Kawamata et al., 1995 [10] M/60 Stomach Lung Yes No (5 years)
Stephen et al., 1998 [18] M/53 Stomach Small intestine and Yes No (18 years)
gallbladder
Wang et al., 2013 [20] M/60 Stomach Lung No Yes
Iwano et al., 2004 [21] M/63 Stomach Liver Yes Unknown
Sooyeon et al., 2015 [22] M/65 Stomach Lung No No (1.8 years)
Condom et al., 2021 [23] M/40 Stomach Lung Yes Yes
F/44 Stomach Lung Yes Yes
M/72 Stomach Lung Yes Yes
F/52 Stomach Endometrium No Yes
M/60 Stomach Salivary gland Yes Yes
F/68 Parotid gland Lung No No (5.8 years)
Yoshida-Sakai et al., 2022 [19] M/66 Stomach Lung Yes Yes
Present cases F/89 Liver Lung No Yes
Case 1
Case 2 F/63 Nasopharynx Parotid Yes Yes
Case 3 M/50 Stomach Lung Yes Yes

“The interval time between the appearance of the tumors (in parenthesis) if the tumors from multiple organ systems are non-synchronous
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heterogeneous soft tissue in the nasopharynx, right greater
than left extending to the choana.

Case 3 is a 50-year-old male with iron deficiency ane-
mia, gait disturbance, intermittent blurry vision, fatigue, and
weight loss. No lymphadenopathy and hepatosplenomegaly
was noted. Chest X-ray revealed a 2.5-cm cavitary lesion in
right upper lobe with bilateral multifocal cavitating opaci-
ties. CT of abdomen showed marked circumferential mural
thickening of the gastric body and antrum.

In summary, the specimen pairs we identified include
liver and lung (case 1), parotid and nasopharynx (case 2),
and stomach and lung (case 3). Biopsies of the different sites
were performed simultaneously for two patients (case 1 and
case 3) and approximately 3 months apart for the remain-
ing patient (case 2). All cases were assumed to have syn-
chronous disease by initial computed tomography scan. No
lymphadenopathy or further evidence of metastatic involve-
ment was noted for all cases. No bone marrow biopsy was
performed. Two patients (case 1 and case 3) were treated
with rituximab and bendamustine and responded well with
no clinical evidence for persistent disease. The remaining
patient (case 2) received radiation therapy and is considered
clinically in complete remission.

The histologic findings from the three patients appear
similar, meeting established criteria for MALT lymphomas
[1]. The tumors showed a dense monomorphic lymphocytic
infiltrate featuring irregular/angulated nuclei and scant to
moderate amounts of pale cytoplasm and inconspicuous

Fig. 1 Morphologic features
and immunohistochemistry
from representative cases (Case
1). HE staining (X 100) show-
ing effacement of the normal
architecture by a dense mono-
morphic lymphocytic infiltrate
featuring irregular/angulated
nuclei and scant to moderate
amounts of pale cytoplasm and
inconspicuous nuclei in liver (a)
and lung (c¢). Neoplastic cells
demonstrates strong immuno-
histochemical positivity for
CD20 in liver (b) and lung (d)

nuclei. Scattered large cells were present, but no evidence
for large cell lymphoma (Fig. 1). Immunohistochemical
staining for all cases revealed neoplastic cells exhibiting
CD20-expression consistent with B-lineage without signifi-
cant CD5 or CD10. Immunoglobulin light chain restriction
was clearly identified in case 1. CD43 appeared positive in
case 3 and negative in case 1 and case 2.

Monoclonal rearrangement of the immunoglobulin gene
was detected in all 3 tumor pairs. Criterion for establish-
ment for a monoclonal gene rearrangement was determined
if a prominent peak is noted on a background of polyclonal
peaks in at least one PCR tube. We considered patients to
have different clones if clonality analysis detected a differ-
ent prominent clone peak when compared to the lymphoma
arising in another site. The electropherogram peaks of these
tumor pairs were compared and show that case 2 (parotid
and nasopharynx) and case 3 (stomach and lung) appear
clonally related, while case 1 (lung and liver) reveals distinct
clonal peaks (Fig. 2).

Discussion

Mucosa-associated lymphoid tissue (MALT) lymphomas
represent a diverse group of lymphoid neoplasms of B-cell
origin, occurring typically in adult patients and usually with
indolent clinical behavior, with 10-year overall survival rates
greater than 80% [15]. Clear adverse prognostic features are
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Fig.2 Electropherogram peaks from representative cases. PCR for IGK shows a different clonal rearrangement in liver (a) and lung (b) from
case 1 and the same clonal rearrangement in parotid (¢) and nasopharyngeal mass (d) from case 2

limited, as even bone marrow involvement may not neces-
sarily confer a significantly worse prognosis. However,
transformation to diffuse large B-cell lymphoma (< 10% of
cases) has been shown to significantly lower overall survival,
approximately 50% at 5 years (16). Multifocal involvement
for many lymphomas at diagnosis is often considered to
represent disseminated disease; however, clear established
guidelines about the evaluation and significance for multi-
sited MALT lymphoma are lacking.

After reviewing the relevant literature, we found 20 cases
reported of MALT lymphomas involving multiple different
organ systems [10, 11, 17-23], summarized in Table 1, with
a median age of 62 (33-89 years) with males and females
being affected equally. Of those cases, 55% (11/20) appear
to be clonally related with the most frequently involved
organ system being the stomach (38%; 15/40), followed

@ Springer

closely by lung (30%; 12/40) and stomach-lung being the
most commonly encountered pair of involved organ systems
(50%; 10/20). The proportion of lung MALT lymphomas
in our review (12/40; 30%) is notably higher than expected
based on the reported literature of 9% of MALT lympho-
mas (1). These 12 cases involving the lung, which included
10 stomach-lung, 1 parotid-lung, and 1 liver-lung case, half
of these appear to be clonally related (6/12; 50%), which
does not appear to differ significantly from the overall
clonal relationship of all the organ systems we reviewed.
A synchronous presentation appears to be more common
(13/19; 68%), as opposed to metachronous disease (32%;
6/19). Of the synchronous cases, most appeared to be clon-
ally related (62%; 8/13), with a metachronous presentation
less likely to exhibit a clonal relationship (33%; 2/6). Of the
data available, the median time for a metachronous clinical
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presentation between two MALT lymphomas was 3.9 years
(4 months—18 years).

While no clear genetic predisposition for the develop-
ment of MALT lymphomas has been established, these
cases of MALT lymphomas involving multiple different
organ systems with or without a clonal relationship might
be of interest for future studies. Lymphatic and/or venous
dissemination might explain some of the multi-sited dis-
ease; however, it remains a possibility of some unknown risk
factor for developing MALT lymphomas involving multiple
organ systems in some of these patients. In addition, despite
that MALT lymphomas of different anatomic locations share
many clinicopathological characteristics, there remains con-
siderable variations in etiology as well as immunoglobu-
lin gene usage and molecular landscape [5, 24-28]. In the
future, this growing knowledge of the molecular aspects of
site-specific disease raises an increased importance on accu-
rate staging and clearly establishing the extent and clonal
relationship of these neoplasms.
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