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Abstract

Objective: This study was performed to compare the radiologic characteristics and pathological

presentations of primary pulmonary lymphoma (PPL), explore the possible mechanism underlying

its development, summarize its radiologic characteristics, and improve the accuracy of its

diagnosis.

Methods: The medical records of 22 patients pathologically diagnosed with PPL were retro-

spectively analyzed.
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Results: Chest computed tomography (CT) demonstrated single or multiple nodules and masses

in the lungs, patchy opacities or consolidation along the bronchovascular bundle, and no signif-

icantly enlarged mediastinal or hilar lymph nodes. All 22 cases of PPL were classified as non-

Hodgkin’s lymphoma (NHL) by transbronchial biopsy, CT-guided needle biopsy, and postopera-

tive pathology. Most (16 cases) were marginal-zone B-cell lymphomas of mucosa-associated

lymphoid tissue (MALT). Twelve patients had air bronchograms within the lesion, and 13

showed ill-defined lesions with ground-glass brush-like changes.

Conclusion: PPL is a rare lung tumor, and most are classified as MALT lymphoma, a subtype of

NHL. Chest CT can help to diagnose this disease. Positron emission tomography (PET)/CT is of

great clinical value for evaluation of the lesion and patient’s general condition. The possibility of

PPL should be considered in patients with characteristic CTand PET/CT findings and mild clinical

symptoms, and early treatment should be administered.
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Introduction

Primary pulmonary lymphoma (PPL), a

rare malignant tumor arising from lymph

nodes or extranodal lymphoid tissues, rep-

resents 0.5% of all primary pulmonary neo-

plasms,1,2 0.4% of all lymphomas,3 and

3.6% of all extranodal lymphomas.4 There

are two main groups of lymphomas:

Hodgkin’s lymphoma and non-Hodgkin’s

lymphoma (NHL). Subtypes of primary

NHL include mucosa-associated lymphoid

tissue (MALT) lymphoma, highly malig-

nant large B-cell lymphoma, angiocentric

lymphoma, and other rare subtypes such

as intravascular lymphoma. Among them,

MALT is the most common, accounting for

60% to 80% of all primary lung lympho-

mas; diffuse large B-cell lymphoma is the

second most common, accounting for

10% to 25% of all primary lung lympho-

mas.5 Most of the above-mentioned sub-

types are low-grade malignant small B-cell

MALT lymphomas. MALT lymphomas are

now classified as extranodal marginal-zone
B-cell lymphomas in the Revised European-
American Lymphoma Classification. Most
lung lesions that were previously termed
“pseudolymphomas” are now also thought
to represent pulmonary MALT lympho-
mas.6 We used the diagnostic criteria devel-
oped by Cordier et al.7 in 1993: (1) the lung
and bronchus are involved without evidence
of mediastinal adenopathy on the chest
radiographs; (2) extrathoracic lymphoma
was not previously diagnosed; (3) there is
no evidence of extrapulmonary lymphoma
or lymphocytic leukemia in the clinical
examination, radionuclide bone scanning,
computed tomography (CT) or lymphangi-
ography, bone marrow examination, or
positron emission tomography (PET)/CT;
and (4) there is no evidence of extrathoracic
disease up to 3 months after the initial diag-
nosis. Patients who fulfill all four criteria
are diagnosed with PPL. A better under-
standing of PPL is urgently required. The
present study was performed to explore the
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possible mechanism underlying its develop-
ment, summarize its radiologic characteris-
tics, and improve the accuracy of its
diagnosis.

Patients and methods

Patient studies

Data were collected from patients who
showed pulmonary lesions in their CT
images, which were obtained with a GE
LightSpeed 64-Slice CT scanner (GE
Healthcare, Chicago, IL, USA) from May
2009 to March 2017 in three grade-A tertia-
ry hospitals in Beijing. All patients were
pathologically diagnosed with PPL after
CT-guided needle biopsy, surgical removal,
or transbronchial biopsy. In the preopera-
tive diagnosis and postoperative follow-up
examination, all 22 patients underwent
either a routine CT scan (5-mm thickness
and 5-mm spacing between slices) or thin-
slice chest CT scan (1.25-mm thickness and
1.25-mm spacing between slices).
Multiplanar reformation, curved planar ref-
ormation, and volume rendering were per-
formed after the detection of lesions, which
were viewed in the mediastinal window and
lung window. Prior to presentation, half of
the patients underwent an 18F-fluorodeoxy-
glucose (18F-FDG) PET/CT scan using a
Discovery ST PET/CT scanner (GE
Healthcare). The PET data were acquired
in three-dimensional mode for 2.5 minutes
per bed in three or six bed positions, cover-
ing the entire chest. The acquired images
were reconstructed by the Fourier rebinning
ordered subsets expectation-maximization
algorithm with attenuation correction.
Before the examination, the doctor checked
the patient’s fasting blood glucose level.
The patients were also asked to empty
their urine and remove metal foreign
bodies. The maximum standardized
uptake value (SUVmax) was measured at
the highest radioactivity concentration.

All patients’ data were reviewed and their
radiological manifestations and pathologi-
cal characteristics were correlated to
improve the understanding and diagnosis
of PPL and reduce the misdiagnosis rate
and time from misdiagnosis to correct
diagnosis.

CT analysis

A thoracic radiologist with 15 years of
experience in pulmonary imaging (C.W.)
and a radiologist dedicated to chest imaging
with 6 years of experience in pulmonary
imaging diagnosis (J.H.) reviewed the CT
images. If differences in opinion were
encountered, the radiologists resolved
them through consensus.

Statistical analysis

Data were analyzed using SPSS version
20.0 (IBM Statistics, Armonk, NY, USA).
Age is expressed as mean� standard devia-
tion with range. The Kolmogorov–Smirnov
test was used for data with a normal
distribution.

Results

During the 8-year study period, 22 patients
were included in this study (10 men and 12
women) (Table 1) with a mean age of 60� 5
years (range, 45–75 years). Eight patients
had a history of smoking, and the remain-
ing 14 patients were nonsmokers. Seven
patients had no symptoms; one of these
seven patients had a 20-year history of
lupus nephritis, diabetes, and rheumatoid
arthritis and had received regular treat-
ment. Among the remaining 15 patients, 2
had a fever, 9 had productive phlegm, 4 had
chest pain, 1 had blood-tinged sputum, and
2 had chest distress and shortness of breath.
Physical examination revealed diminished
breath sounds on the affected side in two
patients; the other patients had no abnor-
malities. The 22 patients had been
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pathologically diagnosed with PPL after
CT-guided needle biopsy (14 patients), sur-
gical removal (6 patients), or transbronchial
biopsy (2 patients).

The chest CT scans of the 22 patients
(Table 2) demonstrated a single lesion in
the lungs in 11 patients (3 in the left upper
lobe, 3 in the left lower lobe, 4 in the right
upper lobe, and 1 in the right lower lobe)
(Figure 1) and multiple lesions in 11 patients
(1 in the right upper lobe, 2 in the left upper
lobeþ both lower lobes, 2 in both upper
lobesþ both lower lobes, 2 in the right
upper lobeþ right middle lobeþ right
lower lobe, 1 in both upper lobesþ the
right lower lobe, 1 in the right upper
lobeþ left upper lobe, 1 in the right upper
lobeþ both lower lobes, and 1 in the left
upper lobeþ right middle lobe) (Figure 2).
The right upper lobe was involved in 11
patients. Eleven patients showed pulmonary
nodules and masses, and intralesional air
bronchograms were identified in 4 of them;
10 patients showed ill-defined patches of
exudative lesions and consolidation along
the bronchovascular bundle, and intrale-
sional air bronchograms were identified in
6 of them. One patient showed multiple nod-
ules, masses, and patches in the lungs, with
air bronchograms in part of the lesions.
Twelve patients showed ill-defined areas of
ground-glass, brush-like changes (Figure 3-1
and 3-2). Thirteen patients showed lobula-
tion and a speculation sign around the
lesion, 12 showed a bronchial inflation
sign, 2 showed bronchiectasis, 4 showed
bronchiectomy, 1 showed necrosis, 5
showed a vascular floating sign, and 1
showed pleural effusion after enhanced
scanning. The possibility of lymphoma was
considered based on the chest CT findings of
only five patients; other diagnoses included
inflammatory and infectious lesions (13
patients), lung cancer (3 patients), and a
tumorous lesion for which needle biopsy
was recommended (1 patient). Eleven
patients underwent an 18F-FDG PET/CT

scan, and lesions with an SUVmax of >10
were detected in four patients. The SUVmax
ranged from 2.25 to 9.54 in the remaining
seven patients.

Of the 22 patients, 14 underwent CT-
guided needle biopsy, 6 underwent surgical
removal, and 2 underwent transbronchial
biopsies. All cases of PPL were pathologi-
cally classified as NHL; 16 were MALT, 3
were diffuse large B-cell lymphoma, and 3
were NK/T-cell lymphoma. Of the six
patients who underwent surgical removal,
five reported no sign of relapse in telephone
follow-ups. However, one with multiple
lung lesions showed multiple areas of con-
solidation in the lungs with irregular con-
centration of radioactivity (indicating
possible residual malignancy) in PET/CT
scanning performed after three cycles of
R-CHOP chemotherapy and four cycles of
autologous cytokine-induced killer cell-
based immunotherapy following right
upper lobectomy. Eleven patients received
three to four cycles of chemotherapy, and
the follow-up PET/CT revealed smaller
lesions and diminishment of the metabolic
rate to various degrees in eight patients.
One patient showed significantly smaller
bilateral parenchymal lung and pleural
lesions and a diminished metabolic rate;
however, a CT scan performed at a local
hospital 2 years later showed enlarged
masses, and the possibility of relapse
could not be excluded. Another patient
died following an exacerbation after 1
week of COPþL chemotherapy. Two repre-
sentative cases are described below.

In Case 1, the patient presented with a
cold with cough and fever. Chest CT
revealed ill-defined irregular masses and
areas of consolidation in the posterior seg-
ment of the right upper lobe and the dorsal
and posterior basal segments of the right
lower lobe. Air bronchograms were present
in the lesion in the right upper lobe, the
distal bronchi were obstructed, and the
proximal bronchi were mildly dilated and
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distorted (Figure 4-1 and 4-2). The patient

was diagnosed with multiple inflammatory

lesions in the right lung. PET/CT then

revealed a large area of hypermetabolic

consolidation in the posterior segment of

the right upper lobe and areas of soft

tissue density with variable metabolic activ-

ity in the dorsal and posterior basal seg-

ments of the right lower lobe. Thus, the

possibility of malignancy (MALT) could

not be excluded. A transbronchial biopsy

was performed 20 days later, and the path-

ologic examination revealed infiltration of

uniformly sized lymphocytes into the respi-

ratory epithelium and lamina propria as

well as lymphoepithelial lesions, which

were probably MALT based on correlation

with the immunohistochemistry results. A

PET/CT scan performed after the patient

had received three cycles of R-COP chemo-

therapy demonstrated metabolic activity in

the original lesions. The patient then devel-

oped a pulmonary infection after three

cycles of R-F chemotherapy and was

given anti-infection treatment. A chest CT

scan performed after the treatment demon-

strated a reduced degree of consolidation

and patent bronchi.
In Case 13, a left lung nodule was found

during a physical examination at a local

hospital. The patient then developed pro-

ductive phlegm, hemoptysis, and chest

pain of unknown cause after taking

Chinese medicine for 3 months. A follow-

up CT scan performed 6 months later

revealed enlargement of the left lung

nodule. Plain and contrast-enhanced chest

CT scans showed a nodule of about 20� 34

mm with a CT value of about 50 HU in the

left upper lobe. The nodule exhibited mild

heterogeneous enhancement in the contrast-

enhanced scan, with a CT value of about 63

Figure 1. (a–d) Single nodule and mass in the lungs of four patients
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HU and lobulation and convergence of

blood vessels; these findings were suggestive

of lung cancer (Figure 5). Video-assisted

thoracoscopic left upper lobectomy and

lymphadenectomy were subsequently per-

formed. The pathology report revealed

B-cell NHL of 3.5� 2.5� 2.5 cm in the

left upper lobe, possibly germinal center-

derived diffuse large B-cell lymphoma,

invading the visceral pleura. No tumor

was detected in the bronchial stump. No

lymph node involvement was found in the

submitted specimen.

Discussion

The most common form of PPL is MALT

lymphoma, a subtype of NHL, which rep-

resents 70% to 80% of all PPLs.8

Brienenstock et al.9 first described MALT

in 1973. Most researchers hold that MALT

does not arise in pulmonary tissues and

may develop secondary to chronic inflam-

mation, smoking, autoimmune diseases,

and other risk factors.10 Additionally, lym-

phoproliferative diseases (including NHL

and other lymphomas) can reportedly be

detected during the treatment of rheuma-

toid arthritis with methotrexate. In

48 patients undergoing treatment with

methotrexate for rheumatoid arthritis, the

rheumatoid arthritis progressed to lympho-

proliferative diseases, 4 of which were

primary.11 This finding suggests that

methotrexate-induced hypoimmunity may

contribute to the development and expan-

sion of a malignant lymphocyte clone.11

The radiological manifestations and

underlying pathology of PPL can be divided

into five categories.12 (1) The first is the mass

and nodular type. When the peribronchovas-

cular lymphoma cells infiltrate and spread

Figure 2. (a–d) Multiple nodules and masses in the lungs. (a, b) and (c, d) are the images of different layers
of two patients, respectively

Wang et al. 11



along the peribronchovascular lymph sinus,

the peribronchovascular tissues thicken,

forming nodules or masses. These manifest

as single or multiple well- or ill-defined

quasi-circular nodules and masses in the pul-

monary interstitium near the bronchus or

subpleural areas, with air bronchograms in

lesions of >1 cm. (2) In the pneumonic-

alveolar type, bronchial submucosal lympho-

ma cells damage the bronchial basement

membrane and epithelium, forming a nodular

bump in the lumen. This leads to deforma-

tion, stenosis, and even occlusion of the

lumen; pulmonary consolidation or atelecta-

sis; and obstructive pneumonia-like changes.

The condition manifests as ill-defined patchy

exudative lesions and/or consolidated masses.

(3) In the bronchovascular-lymphangitic

type, lymphoma cells infiltrate the peribron-

chial interstitium. The resultant lesions pre-

sent as diffuse fine or coarse reticulate or

small reticulonodular structures extending

outward from the hilum or as ground-glass

changes with thickening and distortion of the

bronchovascular bundle. (4) The miliary type

presents as multiple small (<3-mm) miliary

nodules in a linear diffuse distribution along

the bronchus. The nodules have rough

boundaries and no air bronchograms. (5)

Finally, the mixed type is a combination of

two or more of the above four types.

Consolidation-type PPL reportedly repre-

sents about 17% of all PPLs.13 In the present

study, however, nearly 50% of patients

showed nodules and masses or peribronchial

consolidation, and 11 of the 16 patients with

MALT showed nodules and masses or con-

solidation, which is a characteristic finding.

In our series, intralesional air bronchograms

were observed in 14 patients, and ground-

glass brush-like changes were observed in 12

patients.6 PPL arises in the lymphatic tissues

in the submucosa of bronchi or around the

bronchial arteries and veins, infiltrates and

spreads along the lymphatic network, and

invades the pulmonary interstitium outside

Figure 3-1. (a–d) Patches and consolidation in the lungs
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the bronchial wall. Therefore, the lesion usu-

ally shows dilation and distortion of the

bronchus only; it rarely shows bronchial

cut-off and obstruction caused by tumor

infiltration-induced alveolar collapse and

damage to the peribronchial parenchyma.10

Interstitial changes are often present around

the lesion.
PET/CT can detect most forms of lym-

phomas, especially the high-malignancy

Figure 3-2. Positron emission tomography/computed tomography image of pneumonic pulmonary lym-
phoma (corresponding to Figure 3-1(b))

Figure 4-1. (a, b) Main level of the first chest computed tomography image of the patient on 20 November
2010. (c, d) Chest computed tomography image of the patient who developed pulmonary infection after
three courses of R-COP3 and R-F chemotherapy on 28 June 2013

Wang et al. 13



pathological types; however, its usefulness

in detecting MALT lymphoma remains

controversial.14–18 Of the 11 patients who

underwent PET/CT in the present study, 4

patients (2 with diffuse large B-cell lympho-

ma and 2 with NK/T cell lymphoma) were

diagnosed with a pathological type with an

SUVmax of >10; this was significantly

Figure 4-2. Review of positron emission tomography/computed tomography after three courses of R-COP
regimen chemotherapy

Figure 5. Chest computed tomography plain scan image (lung window and mediastinal window) and
enhanced arterial-phase image of the patient on 1 February 2017
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higher than the SUVmax of MALT lym-
phoma (range of 2.23–7.70). To some
extent, this finding indicates that patholog-
ical types of higher malignancy have a
higher concentration of tracer in the
lesion. Additionally, because the lung
tissue is rich in gas-containing organs, the
background radioactivity level is low, and
there is no interference of physiological
uptake. Even if the radioactivity uptake of
the lesion is low, it can produce enough
contrast. Therefore, despite the low degree
of malignancy of pulmonary MALT lym-
phoma, if the course of the disease is long
enough to develop into a larger lesion
(enough to ingest more imaging agents),
an adequate concentration of radioactivity
will be produced. 18F-FDG PET/CT can
cover the whole body and sensitively show
the presence or absence of lesions in other
parts of the body. Therefore, it has certain
advantages in differentiating PPL from sec-
ondary pulmonary lymphoma. Notably,
however, 18F-FDG PET imaging is nonspe-
cific, and other lung lesions (such as lung
cancer, inflammation, tuberculosis, and
others) can also produce radioactivity con-
centration. It is often impossible to accu-
rately identify these lesions using only
PET/CT images. The combination of clini-
cal data and CT imaging features is needed
to reduce the misdiagnosis rate.

The prognosis of PPL depends mainly on
the type of leading lymphocytes and the
stage of the disease. Most PPLs are of low
malignancy and progress slowly. The ther-
apeutic methods include surgical removal,
radiotherapy, and chemotherapy. Surgical
removal is mostly adopted for patients
with focal lesions. Kawashina et al.19 indi-
cated that surgical removal should be
chosen whenever possible for patients who
can tolerate surgical procedures because it
allows removal of the lesion and acquisition
of definitive pathological findings, provid-
ing the basis for further treatment with
radiotherapy. Chemotherapy is mostly

chosen for patients with multiple lesions

and involvement of both lungs; CHOP che-

motherapy (cyclophosphamide, doxorubi-

cin, vincristine, and prednisolone) is most

commonly used. In the present series, 10

patients underwent chemotherapy and

follow-up examinations, and a 75-year-old

woman died because her condition wors-

ened after chemotherapy. The other

patients showed improvement of their clin-

ical symptoms, CT suggested changes in

uptake, and PET/CT demonstrated dimin-

ished metabolic activity.
PPL is rare and lacks characteristic clin-

ical and radiologic manifestations, although

adequate radiologic data will provide diag-

nostic clues that lead the clinician to a diag-

nosis. The possibility of PPL should be

considered in middle-aged and advanced-

age patients with all of the following: (1)

risk factors such as chronic inflammation,

smoking, or autoimmune diseases; (2) mild

clinical symptoms; (3) single or multiple ill-

defined lesions (nodules and masses or

patchy opacities) with intralesional air

bronchograms, mild to moderate enhance-

ment after the administration of contrast

agents, and normal coursing of vessels in

the pulmonary interstitium around the

bronchus, in the subpleural areas, or involv-

ing the right upper lobe; (4) variable mani-

festations (multiple lesions); (5) no

significantly enlarged mediastinal lymph

nodes; (6) exclusion of common diseases

according to the clinical medical history

and PET/CT findings; and (7) no significant

change of the lung lesion after short-term

anti-inflammatory treatment.
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