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Abstract

Bronchial-associated lymphoid tissue (BALT) lymphoma is a distinct subgroup of low-grade B-cell extranodal non-Hodgkin’s

lymphoma, classified asmarginal-zone lymphoma.This studywas performed inorder to assess the natural history of this rare entity.We

evaluated retrospectively the clinical data of 22 patients with biopsy-proven BALT lymphoma at two tertiary-care institutions from

1996 to 2002. Immunophenotyping was done to confirm the abnormal populations of B-lymphoid cells in all cases, and clonality was

determined by flow cytometry or molecular studies. There were 11men and 11 women in the sample, median age 61 years (range 21–80

years); nine were asymptomatic at diagnosis. All 13 symptomatic patients had non-specific pulmonary complaints. On computed to-

mographic examination of the chest, 11 patients had bilateral disease, 12 had lung nodules, and 10 had a mass or air-space consoli-

dation. In all but one case the diseasewas localised to the lung at diagnosis andnone had peripheral blood or bonemarrow involvement.

Out of 22 patients, 20 received treatment in various combinations, 12 had chemotherapy and/or rituximab, six had surgery, and two

received radiation therapy as primary treatment. A complete response (CR) was achieved in nine patients and a partial response was

obtained in 10 patients. Seven of 10 patients who had unilateral disease achieved a CR. The estimated progression-free survival was 53

months. All patients were alive during the median follow-up period of 36 months (range 12–76 months). It appears that BALT lym-

phoma tends to be localised to lung at the time of diagnosis, responds well to local or systemic therapy, and has a favourable prognosis.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Extranodal, marginal-zone, B-cell lymphoma (MZL)

of mucosa-associated lymphoid tissue (MALT) types are

a distinct subgroup of non-Hodgkin’s (NHL) lymphoma
qPart of the data was presented at American Society of Hematology

Annual Meeting in 2001 and at American College of Chest Physicians

Annual Meeting in 2002.
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that typically follow an indolent clinical course [1,2].

These lymphomas arise from a wide variety of extran-

odal sites, usually in the setting of chronic local in-

flammatory disorders or autoimmune diseases. The

gastrointestinal tract is involved most frequently and

accounts for more than two-thirds of the cases of ex-

tranodal MZL of MALT type [3,4]. Among the various
non-gastrointestinal sites, the lung is one of the most

frequent organs involved by extranodal MZL of MALT

type [5–12]. Extranodal MZL of MALT type of the

lungs arises from bronchial-associated lymphoid tissue

(BALT), which is histologically distinct from true in-

trapulmonary lymph-node [13]. Although pulmonary
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extranodal MZL of MALT type or BALT lymphoma

comprises more than two-thirds of all primary NHL of

the lung, it is a rare entity and accounts for less than 1%

of all lymphomas [5]. Because of their indolent clinical

course and relatively benign histological features, BALT
lymphomas have frequently been described using the

term pseudolymphoma [12,14]. However, the recent

advent of immunophenotyping and molecular genetic

methods demonstrates that the majority of these tu-

mours contain clonal populations of lymphoid cells, and

are therefore likely to be true lymphomas. BALT lym-

phoma tends to remain localised in the lung for long

periods of time, so the optimal clinical management,
which would include abstaining from treatment, is not

clearly defined. We here reviewed retrospectively the

clinical data from 22 patients with low-grade BALT

lymphoma evaluated at two tertiary-care institutions to

assess the natural history of this rare entity.
Table 1

Clinical and laboratory features of patients with BALT lymphoma

Features N ¼ 22 (%)

Median age at diagnosis 61 years (range 21–80 years)

Sex

Male 11 (50)

Female 11 (50)

Smoking history 15 (68)

Associated immune and/or

inflammatory process

4 (18)

No pulmonary or B symptoms 9 (41)

Pulmonary symptoms 13 (59)

Cough 8 (36)

Productive cough 4 (18)

Dyspnoea 4a (18)

Chest pain 2 (9)

B symptoms 3 (14)

Weight loss 2 (9)

Night sweats 1 (5)

Crackles on lung auscultation 7 (32)

Haemoglobin <120 g/l 1 (5)

Lactate dehydrogenase greater

than normal

1/18 (6)

a In two of the 4 patients who had dyspnoea, it was thought to be

related to their underlying obstructive lung disease.
2. Methods

After obtaining approval from institutional review

boards at both hospitals, a computer-based search was

performed and a total of 22 cases of biopsy-proven

BALT lymphomas with complete clinical data were

identified from 1995 to 2002. The diagnosis of BALT

lymphoma was based on characteristic histological and

immunophenotypical features of extranodal MZL of
MALT type as classified by the International Lym-

phoma Study Group [1]. The pathology slides of lym-

phoma specimens were reviewed by a pathologist at

each institution (SJK and TAB). Immunophenotyping

was done in all cases by flow cytometry (n ¼ 16) and/or

immunohistochemical staining (n ¼ 9) to confirm the

abnormal populations of B-lymphoid cells. Clonality

was determined using immunophenotyping by demon-
strating light-chain restriction of the surface immuno-

globulin on malignant cells and/or by molecular studies

for immunoglobulin gene rearrangements (n ¼ 6). Ma-

lignant cells were tested for CD20, CD5, and CD10

antigen expression. No cytogenetic studies were done.

Cases of diffuse large B-cell lymphoma with background

BALT lymphoma were excluded. The patients’ records

were reviewed and the following data collected: clinical
symptoms, medical history, laboratory data, pulmonary

function tests, and chest computed tomographic (CT)

findings at the time of diagnosis, diagnostic procedure,

staging information, treatment and follow-up. Staging

included CT of the abdomen and pelvis (n ¼ 22), posi-

tron-emission tomography (PET) or gallium scan

(n ¼ 10), and bone marrow biopsy (n ¼ 20). No staging

gastric endoscopy was performed.
A complete response (CR) was defined as no evidence

of tumour by CT and/or PET scans. Duration of follow-

up was calculated from the date of diagnosis to the last
follow-up or the date of death. Since our study was

retrospective and various treatment modalities were

used, we defined progression-free survival from the time

of diagnosis to the time at which there was a 25% in-

crease in tumour size when no treatment was given, or to
the time at which there was either a 25% increase in

tumour size, or disease recurrence after achieving an

objective response, in patients who received any treat-

ment. Progression-free survival or time to first progres-

sion was analysed by the Kaplan–Meier method.

Fisher’s exact test was used to assess the correlation

between the disease location and a CR, and P < 0:05
was considered statistically significant.
3. Results

3.1. Clinical and laboratory features

The available clinical and laboratory features of pa-

tients with BALT lymphoma at the time of diagnosis are
described in Table 1. None of these patients was known

to be infected with human immunodeficiency virus.

Four out of 22 patients had a history of immune dis-

orders and/or a chronic inflammatory process. Among

those four patients, two had common variable immune

deficiency (CVID) with a history of recurrent upper and

lower respiratory tract infections and one of these pa-

tients was also found to have lymphocytic interstitial
pneumonitis by high-resolution CT scan (HRCT) and

transbronchial lung biopsy. In the remaining two cases,

one had history of chronic interstitial pneumonitis by



Fig. 1. (a) Bilateral lung nodules: CT scan shows bilateral multiple,

irregularly shaped nodules. (b) Lung mass: CT scan shows a large ir-

regular mass in left lower lobe with presence of punctate calcification.

There is a pleural tag with adjacent plural thickening.
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HRCT and open lung biopsy, and clinically a diagnosis

of sarcoidosis was made; the other had a mixed con-

nective tissue disorder. Two out of 22 patients had a

remote history of lymphoma. One patient with CVID

had a history of stage 1 Hodgkin’s disease 28 years be-
fore the diagnosis of BALT lymphoma, which was

treated with radiation therapy; the other had a history of

stage 1 diffuse large B-cell lymphoma 12 years before the

diagnosis of BALT lymphoma, treated with chemo-

therapy. Both of these patients were in CR from their

earlier lymphoma at the time of the diagnosis of BALT

lymphoma. None had a reported history of extranodal

MZL of MALT type. Nine out of 22 cases were
asymptomatic and lymphoma was found incidentally on

routine radiographic investigation. In the remaining 13

cases, non-specific pulmonary symptoms were the major

presenting symptoms (Table 1). The median haemoglo-

bin was 136.5 g/l (range 116–160 g/l). No patient had

lymphocytosis. Serum protein electrophoresis was per-

formed in 8 out of 22 patients and 1 patient had a bi-

clonal gammopathy. Pulmonary function tests (PFT)
were performed in 11 patients; they were abnormal in 9

patients. The most common PFT abnormality was ob-

structive airway disease (6 patients), followed by com-

bined obstructive and restrictive airway disease (2

patients) and mild restrictive airway disease (1 patient).

3.2. CT features

CT scans of the chest were performed in all patients

and CT findings are described in Table 2 (see Figs. 1 and

2). Lung nodules and air-space consolidation and/or

mass were the major CT findings for BALT lymphoma

in our series.

3.3. Diagnostic procedures

In symptomatic patients with BALT lymphomas, the

median duration of symptoms before definitive diagno-
Table 2

Computed tomographic features of BALT lymphoma

Features N ¼ 22 (%)

Bilateral disease 11 (50)

Unilateral disease 11 (50)

Single lobe involvement 9 (41)

Lung nodule 12 (55)

Solitary nodule 5 (23)

Multiple nodules (Fig. 1(a)) 7 (32)

Lung mass and/or air-space consolidation (Fig. 1(b)) 10 (45)

Unilateral disease 5 (23)

Bilateral disease 5 (23)

Air-space consolidation with air Bronchogram (Fig. 2) 4 (18)

Patchy air-space and/or interstitial infiltrate 5 (23)

Peribronchial thickening 2 (9)

Hilar or mediastinal lymphadenopathy 1 (5)

Pleural effusion 2 (9)
sis was 6 months (range 1–72 months). Two patients

were treated with steroids and five received antibiotic

treatment for presumptive non-resolving pneumonia.

Nine patients had a history of previous biopsies and all

had been transbronchial. The median delay between the

first transbronchial biopsy and the diagnosis of BALT
lymphoma was 3 months (range 0.5–36 months). These

biopsies were either inconclusive or revealed an inflam-

matory process. For definitive diagnosis, surgical lung

biopsy was performed in 14 patients (video-assisted

thoracoscopy (VATS), n ¼ 9; thoracotomy, n ¼ 5),

transthoracic lung biopsy in 5 patients, and transbron-

chial lung biopsy in 3 patients. Of those 14 patients who

underwent surgical lung biopsy, eight had wedge resec-
tions or segmentectomy, and 6 had lobectomy. Five



Table 3

Treatment and response to therapy in patients with BALT lymphomas

Primary treatment N ¼ 20 Treatment response

Systemic chemotherapy�Ra 12 2 CR, 9 PR, 1 SD

Chemotherapy alone 2 2 PR

Rituximab alone 2 2 PR

Chemotherapy with rituximab 8 2 CR, 5 PR, 1 SD

Radiation therapyb 2 1 CR, 1 PR

Surgeryc 6 6 CR

CR, complete response; PR, partial response; SD, stable disease.
a�R, with or without rituximab.
bOne patient received rituximab as adjuvant therapy after achieving

CR.
c Two patients received adjuvant therapy, one received chemother-

apy and another had rituximab.

Fig. 2. Air-space consolidations: CT scan shows air-space consolida-

tion with air bronchograms involving right middle and right lower

lobe. Small adjacent pleural effusion is present.
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patients had hilar and mediastinal lymph-node dissec-

tion. None had pneumonectomy.

3.4. Pathology and immunophenotyping

The tumour cells were small to medium-sized lym-

phocytes, either centrocytic or plasmacytoid-like, and

tended to be admixed with plasma cells or scattered

large-sized cells. No cases showed large-cell transfor-

mation. Characteristic lymphoepithelial lesions of

MALT lymphoma were seen in 48% of cases. One case

showed extensive local amyloid deposition in the lung.
However, the patient did not have any monoclonal

gammaglobulin in the serum. The other case revealed a

sheet of histiocytic cells in association with BALT

lymphoma.

Tumour cells were positive for CD20 expression and

were negative for CD10 and CD5 expression. In one

patient, no clonal B-cell population was identified by

flow cytometry, but a small clonal B-cell population in a
polyclonal background was identified by polymerase

chain reaction (PCR) analysis. The patient had charac-

teristic lymphoepithelial lesions and PCR for the

t(14;18) characteristic of follicular lymphoma was neg-

ative. In all five cases where lymph-node dissection was

performed, nodal involvement by BALT lymphoma was

not revealed.

3.5. Staging

In all but one case the disease was localised to the

lung at diagnosis. One patient had synchronous skin

involvement by extranodal MZL of MALT type. No

patient had peripheral blood or bone marrow involve-

ment. CT of the abdomen and pelvis revealed spleno-

megaly in both patients with CVID, but one of them
underwent splenectomy and pathological examination

of the spleen did not reveal lymphoma. PET scanning,

showed increased uptake of FDG in the lungs in all

cases where it was done. No uptake was seen below the

diaphragm except in a patient who had splenomegaly
and underwent splenectomy.

3.6. Treatment and follow-up

Overall, 20 of the 22 patients were treated primarily

with surgery (n ¼ 6), radiation therapy (n ¼ 2), or che-

motherapy, and/or rituximab (n ¼ 12), either alone or in

various combinations. The various treatment modalities
and the treatment responses are described in Table 3.

The various chemotherapeutic regimens, with or with-

out rituximab, used were as follows: CHOP (cyclo-

phosphamide, adriamycin, vincristine and prednisone),

n ¼ 4; RCD (rituximab, cyclophosphamide and dexa-

methasone), n ¼ 2; CVP (cyclophosphamide, vincristine

and prednisone), n ¼ 3; and RF (rituximab and fludar-

abine), n ¼ 4. Rituximab was used alone or in combi-
nation with chemotherapy in 10 patients; 2 patients

achieved a CR and eight had a partial response (PR).

Nineteen of those 20 patients who received various

treatments had an objective response. Nine patients

achieved a CR, 10 had a PR, and one did not respond.

Of those 9 patients who achieved CR, seven had uni-

lateral disease and surgery was the primary modality of

treatment in 6 patients and radiation therapy was pri-
mary treatment in the remaining 1 patient. The other 2

patients who achieved CR had bilateral disease, and

both received chemotherapy with rituximab. 6 patients

were initially observed for a median duration of 18

months (range 10–53 months). Four of those 6 patients

ultimately received treatment due to progression of the

disease. All were treated with chemotherapy and/or rit-

uximab. One achieved a CR and three had a PR.
Overall, of the 20 patients who were treated, seven out

of 10 patients who had unilateral disease achieved a CR,

compared to two out of 10 patients who had bilateral

disease (P ¼ 0:06).



Fig. 3. The estimated progression-free survival of patients with BALT

lymphoma.
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After a median follow-up period of 36 months (range

12–76 months), all patients were alive. The estimated

median progression-free survival time, or the time over

which 50% of the subjects’ disease had progressed, was

53 months (Fig. 3). In addition to 4 patients who had

progression of the disease during the period of obser-

vation and ultimately received treatment, 3 patients who
achieved a PR had progression of disease or relapse at

other sites after a median follow up of 6 months (range

4–13 months). All were retreated with chemotherapy

and/or rituximab. One patient who achieved a complete

response had a relapse in the small bowel after 23

months.
4. Discussion

Our data confirm the previously described indolent

behaviour of low-grade BALT lymphomas [5–10]. The

median age of 61 years of our patients was similar to

those of other series [8–11]. In contrast to the female

preponderance in some series [6,11], we found an equal

number of males and females. More than a third of the
patients were asymptomatic and the pulmonary lesions

were discovered incidentally on routine radiographic

examination. All symptomatic patients had some non-

specific pulmonary symptoms such as cough, dyspnoea

and chest pain. A minority of patients had B symptoms.

Clinical symptoms were similar in patients with bilateral

and unilateral disease. Our series confirms the charac-
teristic indolent clinical presentation of low-grade

BALT lymphoma.

We found a high-incidence of immune disorders and/

or chronic inflammatory diseases (n ¼ 4) and smoking

history (n ¼ 14) in our studied population. Extranodal
MZL of MALT type usually arises in sites normally

devoid of lymphoid tissue, such as the stomach. Chronic

antigenic stimulation, triggered by an autoimmune

process or by persistent infection, is thought to stimulate

the development of benign MALT at these sites. Simi-

larly, many investigators believe that BALT is not a

normal constituent of human lungs and rather its de-

velopment is driven by long-term exposure to various
antigenic stimuli [15,16]. The association of BALT with

chronic lung inflammation has been described in con-

ditions such as chronic hypersensitivity pneumonitis,

diffuse panbronchiolitis, and various autoimmune dis-

eases, such as rheumatoid arthritis [17–20]. Smoking has

also been linked to the development of BALT. For ex-

ample, by examining a total of 256 sites in 31 lungs

Richmond et al. [21] demonstrated an increased BALT
in smokers. However, smoking has not been clearly

identified as a risk factor for BALT lymphoma and its

role in the development of this condition in our patients

remains speculative.

A high-incidence of bilateral disease was found at the

time of diagnosis in our series. This is contrary to pre-

vious observations where BALT lymphoma was de-

scribed predominantly as a unilateral disease [9,11]. In
our series, despite a higher incidence of bilateral disease

and the involvement of multiple lobes in unilateral dis-

ease, the disease was localised to the lungs at the time of

diagnosis in nearly all cases. Pulmonary nodules and air-

space consolidation with or without air bronchogram

were the major CT abnormalities in our series. Pleural

effusion and mediastinal or hilar lymphadenopathy was

rare in our series, consistent with previous observations
[8,9,11]. This suggests that the radiographic features of

BALT lymphomas are non-specific and the radiographic

presentation varies in different patients. BALT lym-

phoma should be considered in the differential diagnosis

of non-resolving lung infiltrates or bilateral lung nod-

ules. The rarity of pleural effusion and hilar or medias-

tinal lymphadenopathy in low-grade BALT lymphoma

should raise the possibility of other malignancy or an
inflammatory process in the presence of these radio-

graphic abnormalities.

In one-third of the patients in our series the diagnosis

of lymphoma was made by either transbronchial biopsy

or radiologically guided transthoracic core-needle bi-

opsy. In the remaining two-thirds of cases, VATS or

thoracotomy was required for a definitive diagnosis, and

these procedures also served a therapeutic purpose in
many of these patients. Of note, 42% of patients had a

history of earlier biopsies that were either inconclusive

or revealed a benign inflammatory process. All these
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biopsies were obtained by bronchosopy. The definitive

diagnosis in these cases was obtained after a median

delay of 3 months (range 5–36 months) when persistent

symptoms or the increasing size of pulmonary infiltrates

led to surgical lung biopsy.
Ferraro et al. [10] showed a low yield of bronchos-

copy in primary non-Hodgkin’s lymphoma of the lung.

In their study the majority of lymphomas were BALT

lymphoma. Out of 39 cases where a diagnostic bron-

choscopy was performed, only 7 patients were diagnosed

as having lymphoma-based on bronchoscopy. This

finding suggests that surgical lung biopsy may be the

procedure of choice for the definitive diagnosis of lym-
phoma in operable patients. Nonetheless, the ancillary

immunohistochemical and molecular biological studies,

by identifying the monoclonality of lymphoid cells, can

be helpful when dealing with small samples obtained by

less invasive procedures such as transthoracic or trans-

bronchial biopsy [22,23].

Although extranodal MZL of MALT type are fre-

quently localised at the time of diagnosis, they have
tendency to disseminate among various MALT sites

(20,97). Raderer et al. [24] have proposed an extensive

staging procedure in patients with extranodal MZL of

MALT type. CT scans of the chest, abdomen and pelvis,

and bone marrow biopsy, are important staging proce-

dures for determining the extent of the disease. The PET

scan can be helpful in staging as well as to assess

treatment response. An extensive invasive staging pro-
cedure, however, is not recommended in asymptomatic

patients and none of the patients in our series had a

staging endoscopic examination.

In agreement with previous observations, our data

show the impressively favourable clinical course of

BALT lymphoma regardless of the treatment. The op-

timal management of BALT lymphomas has not been

clearly defined. However, as in our study, surgery ap-
pears to be very useful for localised low-grade BALT

lymphoma and results in long-term disease control [5–

11], whereas chemotherapy with rituxan appears useful

in symptomatic patients or in patients with bilateral

disease. Thus, in our series, unilateral disease correlates

with a CR to therapy.

Strikingly, no mortality was recorded during the

follow-up period. Disease progression was noted in 8
patients overall (36%), and four of them developed

disease progression during the initial observation pe-

riod. Our result is in agreement with most of the pre-

vious observations that show a slow rate of progression

and a favourable course in BALT lymphoma, including

2-year and 5-year survivals of 100% and 95–84%, re-

spectively [8,9,25]. However, it is worth noting that a

single institutional study did report a significantly worse
overall survival in patients with low-grade BALT lym-

phoma compared to age- and sex-matched control

patients [11].
The optimal management of BALT lymphoma with

regard to surgery, chemotherapy and radiation therapy

alone or in combination, as well as abstention from

therapy, is not defined. Surgery simultaneously serves

both a diagnostic and a therapeutic purpose, and may be
the treatment of choice for localised disease. Radiation

therapy or single-agent chemotherapy can be used as

alternative to surgery or as adjunctive treatment for

incompletely resected disease. Watchful waiting for

asymptomatic patients with surgically unresectable dis-

ease, or single-agent chemotherapy, are reasonable

approaches. Combination chemotherapy may be con-

sidered in symptomatic patients with bulky or dissemi-
nated disease. In the absence of prospectively collected

data, the therapeutic role of rituximab is not clear.

However, as BALT lymphoma cells express CD20 an-

tigen, the therapeutic possibilities of rituximab appear

attractive and its use may be considered, alone or as an

adjunct to other therapy.

In summary, our data confirm the indolent behaviour

of BALT lymphoma. It tends to be localised to the lungs
at the time of diagnosis and is associated with various

immunological or inflammatory disorders and smoking.

A third of patients may remain asymptomatic, with pul-

monary lesions being incidentally discovered on chest

radiography. In symptomatic patients, pulmonary

symptoms are more common. Pulmonary nodules or air-

space consolidation with air bronchograms are common

radiographic findings. BALT lymphoma responds well to
local or systemic treatment, andunilateral disease tends to

correlate with a CR to local therapy.
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