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Abstract

Purpose To present our experience of cases of primary pulmonary lymphoma (PPL) found between January 2002 and July
2018, focusing on the radiological features and the differential diagnosis in order to contribute to the difficult role of the
radiologist in the disease identification and to help the clinicians to reach the diagnosis.

Materials and methods CT scans of 30 patients (14 men and 16 women, aged 58-86, mean age 72 years) with PPL were retro-
spectively reviewed. All patients had a histopathological confirmation of the disease: MALT lymphoma (23 patients, 76.6%);
diffuse large B-cell lymphoma—DLBCL (seven patients, 23.4%). All the staging CT scans were evaluated by three expe-
rienced radiologists dedicated to thoracic disease in order to radiologically define the predominant pattern of presentation.
Results The following parenchymal patterns were observed: 11 patients with single/multiple nodules, five with masses/
mass-like consolidations, 14 with consolidations with air bronchogram, 16 with ground-glass opacity, ten with angiogram
sign, 22 with perilymphatic and/or peribronchovascular spread, 15 with associated lymphadenopathies, and 13 with pleural/
chest wall involvement. The main characteristics of PPLs were the presence of consolidations and ground-glass opacities,
with perilymphatic and/or bronchovascular spread.

Conclusion All the characteristics of the work should alert the radiologist to consider lymphoma among the possible dif-
ferential diagnoses, always correlating the results of the CT examination with appropriate clinical laboratory evaluations.

Keywords Lung neoplasm - Lymphoma - MALT - High-resolution computed tomography - Diagnosis - Differential
diagnosis

Introduction

Lymphoproliferative disorders of the lung can be divided
into primary pulmonary lymphomas (PPLs) and second-
ary pulmonary involvement by lymphomas arising from
adjacent nodal sites (such as mediastinal or hilar lymph
nodes and thymus) or by haematogenous dissemination
from an extrapulmonary site of involvement. PPL is defined
as a malignant monoclonal lymphoid proliferation within
the lung parenchyma, in a patient without any detectable
extrapulmonary involvement at least 3 months after initial
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diagnosis [1]. It is a rare disease, representing approximately
3-4% of extranodal lymphomas (less than 1% of all NHL
cases) and 0.5-1% of all primary malignancies involving
the lung [2—-6]. The peak incidence is in the sixth decade,
and there is a slight predominance in men [1]. PPLs can be
MALT lymphoma (MALToma—Low-grade marginal zone
B-cell lymphoma of mucosa-associated lymphoid tissue),
other non-Hodgkin lymphomas or Hodgkin lymphoma.
MALT lymphoma is the most common type, representing
58-90% of all the PPLs; it is more common in females, often
associated with autoimmune disease [7]. The second most
common subtype after MALT lymphoma is the more aggres-
sive diffuse large B-cell lymphoma (DLBCL—10-20%)
developing mostly in immunocompromised subjects. Others
rare types of PPLs include mantle-cell lymphoma (MCL),
follicular lymphoma (FL) or lymphoplasmacytic lymphoma
(LL) [3, 4, 8]. Primary pulmonary Hodgkin lymphoma is
the least common type of PPLs, with less than 70 cases
reported in the literature since 1927 [9, 10]. In such case,
parenchymal involvement usually occurs by direct extension
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of mediastinal pathology or it is associated with disseminat-
ing disease [5, 8-10]. Clinical findings are often unspecific
or absent; pulmonary symptoms such as cough, dyspnoea,
haemoptysis, or chest pain may occur, as well as systemic
symptoms like fever, weight loss, and fatigue. In asympto-
matic patients, incidental radiological findings may be the
first assessment [2]. Chest X-ray usually is performed as the
first radiological examination showing unspecific findings
(e.g. mass, solitary or multiple nodules, pleural effusion) [2].
Otherwise, chest computed tomography (CT) examination
has a crucial role for a better definition of the thoracic altera-
tions in these patients. This study aimed to describe the pre-
dominant CT patterns of PLLs evidenced in our population
of patients, focusing on the differential diagnosis to address
the problematic role of the radiologist in making a correct
diagnosis and to help the clinicians to set the right therapy.

Materials and methods
Inclusion criteria

Our institutional board review approved this retrospective
study. Informed consent was obtained from all individual
participants included in the study. We reviewed CT exams
performed from January 2002 to December 2018 in 30
patients affected by PPL. Inclusion criteria were patients’
age between 18 and 90 years, acquisition of informed con-
sent, histological diagnosis of PPL, pre-treatment chest CT
with contrast medium utilization.

Reference standard

The diagnosis was histologically confirmed by lung biopsy
in all cases. Clinical staging was referred to as Ann-Arbor
staging, also assessing the presence of systemic symptoms
(fever, night sweats, weight loss of > 10% of body weight
over 6 months) [11].

Imaging protocol

Because of the length of the considered period (16 years),
images were acquired by the use of different CT scanners
and technique protocols (scanners: Lightspeed VCT 64, GE;
Sensation 16, Siemens; Sensation 64, Siemens; Optima 64,
GE; ICT 128, Philips; Somatom Definition Flash, Siemens).
However, all the examinations included spiral chest scans
acquired before and after intravenous administration of iodi-
nated contrast medium. lodinated contrast medium was admin-
istered in an antecubital vein and was injected at a flow rate
of 3-3.5 ml/s. The acquisitions were all in inspiration phases,
and high-resolution images were contiguously reconstructed

at 1-1.5 mm using a smooth kernel for mediastinal structures
and a sharp one for parenchymal evaluation.

Imaging review and data analysis

All images were stored in a picture archiving and commu-
nication system (PACS). An independent and retrospective
review of chest imaging for each patient was performed by
two radiologists to define the predominant pattern of PPL
presentation; in case of discordance, a consensual agreement
was reached. CT scans were assessed for the presence of sin-
gle or multiple pulmonary nodules (diameter < 2.5 cm), mon-
olateral or bilateral, masses (diameter> 2.5 cm) or mass-like
consolidations, with or without the coexistence of a positive
angiogram sign, ground-glass opacities, parenchymal distribu-
tion (bronchovascular or perilymphatic), the presence of hilar-
mediastinal lymph nodes (long axis> 1.5 cm) and pleura/chest
wall involvement. All thoracic images were also assessed for
evidence of other associated pulmonary pathology (such as
bronchiectasis/bronchiolectasis, emphysema, and fibrosis).

Results

Patients were 14 males and 16 females, aged 56-86 years at
diagnosis (mean age 72 years). The most common histologi-
cal type was MALT lymphoma (23/30 patients, 76.6%); 7/30
patients were affected by DLBCL (23.4%). Ann-Arbor Stage
was [ in 17 patients (56.6%), Il in 1 (3.4%), and IV in 12
patients (40%); six patients (20%) had systemic symptoms
(Table 1). Lung biopsy was performed in all 30 cases (100%)
(Fig. 1). Chest CT was available in all cases. Imaging fea-
tures identified in CT exams are shown in Table 2. The fol-
lowing parenchymal patterns were observed: 11 patients
with single/multiple nodules (Fig. 2), five with masses/mass-
like consolidations (Fig. 3), 14 with consolidations with air
bronchogram (Fig. 4), 16 with ground-glass opacity (Fig. 5),
ten with angiogram sign, 22 with perilymphatic and/or peri-
bronchovascular spread (Figs. 6 and 7), 15 with associated
lymphadenopathies, 13 with pleural/chest wall involvement
(Fig. 8). The most common characteristics of PPLs were
the presence of consolidations and ground-glass opacities,
with perilymphatic and/or bronchovascular spread. Nod-
ules, consolidations with air bronchogram and associated
lymphadenopathies are more frequent in MALT lymphomas
than in DLBCL. Angiogram sign and pleural involvement
were similar in both MALT and DLBCL.

Discussion
The lung is frequently involved in metastatic localization of

Hodgkin and Non-Hodgkin lymphomas (up to 38% in HL
and up to 24% un NHL) [7, 9, 12]. However, primary lung
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Table 1 Clinical and

histopathological findings of all Patient  Age Gender  Histology Stage  Patient  Age Gender  Histology Stage

patients 1 75 M MALT I-A 16 77 M MALT IV-A
2 82 F MALT IV-B 17 65 F MALT IV-A
3 66 M MALT IV-A 18 85 F MALT IV-A
4 66 M MALT I-A 19 76 M MALT I-A
5 76 M DLBCL IV-A 20 56 F MALT IV-A
6 61 F DLBCL I-A 21 82 M DLBCL I-A
7 81 M DLBCL IV-A 22 61 M MALT IV-B
8 66 M MALT I-B 23 76 F MALT I-A
9 74 F MALT I-A 24 72 F MALT IV-A
10 73 F DLBCL I-B 25 62 F MALT IV-A
11 70 F MALT IV-A 26 61 F DLBCL I-A
12 74 F MALT IV-A 27 76 F DLBCL IV-A
13 63 M MALT I-A 28 76 M MALT I-B
14 86 M MALT IV-A 29 73 F MALT IV-B
15 78 F MALT I-A 30 67 M MALT IV-A

Ann-Arbor staging was observed, A and B are the absence or not of systemic symptoms

M male, F female, MALT mucosa-associated lymphoid tissue lymphoma, DLBCL diffuse large B-cell lym-
phoma

Fig. 1 Histology from lung biopsy. a Diffuse large cells Lymphoma, centroblastic variant; large cells with multiple nucleoli. b MALT lym-
phoma, cells with abundant pale-staining cytoplasm, resulting in monocytoid appearance (Hematoxilin-eosin X20 original magnification)

Table 2 Imaging CT findings in our cohort of 30 patients with PPL

MALT n=23 (%)

DLBCL n=7 (%)

Total n=30 (%)

Nodules (single/multiple)
Masses/mass-like consolidations
Consolidation (with air bronchogram)
Ground-glass opacities

Angiogram sign

Perilymphatic and/or bronchovascular distribution

Lymphadenopathy
Pleural thickening/effusion

9 (39%)

3 (13%)
11 (47.8%)
13 (56.5%)

8 (34.8%)
18 (78.2%)
12 (52.2%)
10 (43.5%)

2 (28%)
2 (28%)
3 (43%)
3 (43%)
2 (28%)

4 (57.2%)

3 (43%)
3 (43%)

11 (36.7%)
5 (16.6%)
14 (46.7%)
16 (53.3%)
10 (33.3%)
22 (73.3%)
15 (50%)
13 (43.3%)
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Fig.2 Lung nodule. a Chest CT demonstrate the presence of a nodule with air bronchogram and perilesional ground-glass opacities, high suspi-
cion for primary lung cancer. Biopsy revealed primary MALT lymphoma of the lung. b follow-up after 6-month chemotherapy

Fig.3 Mass-like lung consolidation in the left lower lobe. Biopsy revealed a MALT lymphoma; a before and b after chemotherapy. Arrow in (b)
show remain bronchiolectasis

Fig.4 Pulmonary consolidation with air bronchogram signs a apy shows multiple bronchiectasis in the medium lobe that remains
76-year-old male patient with MALT lymphoma of the lung. a Chest stable for many years
CT scans before treatment. b One-year follow-up CT after chemother-
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Fig.5 Ground-glass opacities. a Diffuse bilateral ground-glass nodular opacity in a 76-year-old male patient with DLBCL. b Follow-up CT after

5-month treatment

A
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Fig.6 Peribronchovascular spread and ground-glass opacities. a Diffuse bilateral ground-glass micronodular opacities in a 64-year-old female

patient with MALT lymphoma. b 8-month follow-up CT after treatment

lymphoid tumours are rare; as discussed before, MALT lym-
phoma is more common than DLBCL (58-90% and 10-20%
respectively). Although DLBCL can occur as a primary
proliferation, it can also arise from the transformation of a
MALT lymphoma into a more aggressive DLBCL [6, 13].
It has to be remembered that patients with HIV infection,
a collagen vascular disease or chronic immunosuppression
could develop high-grade PPL [14—17]. Imaging manifesta-
tions of PPLs may overlap with other CT features of com-
pletely different diseases and usually make a radiological
diagnosis is difficult.

In our case series, the most prevalent CT findings in both
MALT and DLBCL are the presence of masses and consoli-
dations, together with diffuse/focal ground-glass opacities
and with perilymphatic and peribronchovascular spread of
these lesions. Also nodules (single or multiple) are common
findings. Ground-glass attenuation is usually seen with less
severe interstitial involvement and has more frequently a

@ Springer

bilateral localization [18]. On imaging, the CT features of
MALT and DLBCL can overlap; in both cases, patients can
present nodules or consolidations, although cavitation and
necrosis of the lesion are more frequent in DLBCL than in
MALT lymphoma itself [2, 9]. PPL in the form of a solid
lesion may be indistinguishable from metastases, broncho-
genic carcinoma or sarcoidosis [19]. Instead, PPL should
be considered in the differential diagnosis of non-resolving
lung consolidation or ground-glass opacities, despite accu-
rate antibiotic therapy. In a majority of patients, a follow-
up CT scan shows any growth of the lesion, which can be
stable for many years [20, 21]. This stability excludes other
acute causes of consolidation. However, a similar pattern
can be seen in other entities and the differential diagnosis,
in this case, includes organizing pneumonia, eosinophilic
or lipoid pneumonia, lymphoid interstitial pneumonia (LIP)
or lung adenocarcinoma with lepidic growth [13, 22]. LIP
and MALT lymphoma of the lung can coexist in the same
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Fig.7 Interlobular septa involvement. Chest radiograph in a shows
a mass-like consolidation in the lower right lobe, confirmed at CT
study in b Crazy paving appearance was associated with the lesion in

the medium lobe. Biopsy revealed a DLBCL primary lung lymphoma
in a 72-year-old woman

Fig. 8 Pleural involvement in an 82-year-old woman with MALT lymphoma. a MALT lymphoma involving the left pleural space. b One-year

follow-up CT after therapy

patient, but it is unlikely that there is a transformation of LIP
into a malignant process [9].

Usually, air bronchogram is common in PPLs because
the bronchi and bronchioles tend to be unaffected from
the proliferation of the tumour. Angiogram sign, that is an
enhancing pulmonary vessel within a homogeneous area
of consolidation, is a feature of PPL; it is a usual sign but
non-specific. It could be present in other conditions such as
mucinous adenocarcinoma, post-obstructive consolidation,
and also in all the lymphoproliferative diseases [19, 23-25].
In general, a consolidation with homogeneous attenuation,
air bronchograms, and angiogram signs are typical features
of PPLs but non-specific; radiologist should keep high suspi-
cion in patients with these CT features and high-risk factors

(transplant, autoimmune disease, clinical indolent behaviour,
HIV infection, smoke) [19, 23, 26].

The typical perilymphatic spread of PPLs’ lesions
could simulate other diseases, in particular, sarcoidosis
and lymphangitic carcinomatosis. All these three entities
are characterized by abnormalities of the bronchovascular
bundles, subpleural interstitium, and interlobular septa;
the thickened interlobular septa and alterations of the sub-
pleural interstitia are significantly greater in lymphangitic
carcinomatosis than in the other two diseases [27, 28].
Lymphangitic carcinomatous often involves the periph-
eral interstitium at first, and then progresses towards the
central area (retrograde spread); instead, lung lymphoma
and sarcoidosis tend to progress from the lymph nodes
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to the peripheral lymphatics (anterograde spread). Fur-
thermore, sarcoidosis tends to be involved more in the
upper-middle lobes compared to pulmonary lymphoma
[27, 29]. The '8 FDG-PET exam does not allow a differen-
tial diagnosis between these various causes of interstitial
thickening [19]. Mediastinal hilar lymphadenopathies and
pleural involvement are not frequent in our case series as
well as in the other most recent clinical studies [23, 30,
31]. Hilar-mediastinal lymphadenopathies may be present
no more of 30% of the time [2]. Pleural involvement can
be shown as a focal thickening, a secondary effusion or a
pyothorax, especially in patients with Epstein—Barr virus-
positive DLBCL [32, 33].

Differential diagnosis of PPLs includes also two other
clinical situations: lymphomatoid granulomatosis (LG) and
post-transplant lymphoproliferative disorders (PTLD). LG is
a relatively rare disease characterized by an angiodestructive
process with Epstein—Barr virus-positive cells, occurring in
patients with autoimmune disorders [34]. Radiologically LG
can be indistinguishable with PPLs but, when both cavita-
tions and ground-glass halos are present, the disease appears
similar to granulomatosis with polyangiitis (Wegener granu-
lomatosis, especially in 30% cases here are necrotic coalesc-
ing and cavitated nodules) [35]. Thus, also in these cases,
tissue sampling is required. PTLD collects a group of lym-
phoproliferative disorders occurring in the post-solid organ
or post-stem cell transplant, varying from benign polyclonal
conditions to malignant monoclonal diseases [3, 5, 9]. Also,
PTLD is associated with EBV infection. Imaging manifes-
tations are similar to DLBCL, including solid masses-nod-
ules, consolidations, ground-glass opacities; solid masses
in PTLD tend not to cavitate [19]. The main radiological
differential diagnosis for PTLD is angioinvasive aspergil-
losis, especially in the immunosuppressed population [2].
Both LG and PTLD lesions are avidly hypermetabolic at
FDG-PET [36-38].

Despite everything, nowadays lung biopsy is still neces-
sary to achieve a definitive diagnosis, essentially in all cases
of PPLs. Percutaneous CT-guided or bronchoscopic biopsy
may be sufficient for solid lesions; in the case of ground-
glass opacity, consolidation, and interstitial involvement, an
open surgical biopsy may be required [3, 15, 30].

This study has some limitations. First, the retrospective
nature of the analysis. Second, the statistical analysis did not
reveal any significant correlation between our data, may be
because of the various heterogeneity of PPLs at CT imag-
ing and the small number of patients. Although we exam-
ined cases of PPLs in our hospital between 2002 and 2018,
our sample size is rather small consisting of 30 patients.
This number still needs to be increased to validate statistical
results. However, to the best of our knowledge in the most
recent literature, this work contains one of the numerically
most significant case series of PPL [23, 30, 31, 39, 40].
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In conclusion, we have described the imaging findings in
a series of 30 PPLs, confirmed by lung biopsy. Although,
despite the absence of specific radiological patterns, we can
state that many features (such as the presence of masses and
consolidations with angiogram sign, together with diffuse/
focal ground-glass opacities and with perilymphatic spread)
should raise the possible diagnosis of primary lymphoprolif-
erative lung disease in an appropriate clinical setting.

All the CT features described in this work should alert
the radiologist to consider lymphoma among the possible
differential diagnoses, always correlating radiological results
with appropriate clinical laboratory evaluations, for which a
close collaboration with clinicians is required.
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