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ABSTRACT

lymphoma.
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Lymphomatous involvement of the lungs manifests in an infinite number of ways. Often there is a considerable overlap
of the patterns of manifestations which comes as a diagnostic challenge to the radiologist. We retrospectively reviewed
the pulmonary manifestations of biopsy proven cases of primary or secondary non-Hodgkin’s lymphoma or Hodgkin’s
lymphoma. The patterns of lung involvement were then classified into broad categories which included large masses,
mass like consolidation, nodules with or without cavitation, ground glass and lymphangitis/ perilymphatic pattern. This
article illustrates the spectrum of CT manifestations of lung involvement in non-Hodgkin’s lymphoma as well as Hodgkin’s
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INTRODUCTION

Primary pulmonary lymphoma

“Primary pulmonary lymphoma represents a monoclonal
lymphoid proliferation affecting the lungs in a patient
with no detectable extra-thoracic lymphoma for at least
3 months after the initial diagnosis.”"

Primary pulmonary lymphomas are rare and represent 0.5%
of all primary lung neoplasms. The lymphoproliferative
disorders that present with primary lung involvement
include extranodal marginal zone lymphoma of
mucosa-associated lymphoid tissue origin (MALT
lymphoma), diffuse large B-cell lymphoma (DLBCL), and
lymphomatoid granulomatosis.™" Primary non-Hodgkin’s
lymphomas of the lung are a rare subtype of extranodal
lymphomas that are usually low-grade B-cell types.
These low-grade lymphomas originate from the MALT.
The frequency of primary lymphomas arising in the
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lung as the primary site is estimated to be <1% of all
lymphomas.?

Secondary pulmonary lymphoma

The incidence of pulmonary involvement in association
with extrathoracic or diffuse lymphoma is more common
than primary pulmonary lymphoma.?® Non-Hodgkin’s
lymphoma (NHL) is the most common type of lymphoma
overall (80%-90% of all cases). It mainly consists of
multiple mature B-cell subtypes such as follicular
lymphoma and small lymphocytic lymphoma. Nearly half
of the patients at their presentation have intrathoracic
disease. Pulmonary parenchymal disease occurs in 24% of
NHL, whereas Hodgkin's lymphoma (HL) which represents
10%-20% of all lymphoma cases has intrathoracic disease
at presentation in 85% of cases.!

In HL, pulmonary involvement is almost always
associated with intrathoracic lymphadenopathy.
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However, this is not the case in NHL, wherein pulmonary
involvement frequently occurs in the absence of
mediastinal disease.!

Opverall, pulmonaryparenchymalinvolvementwithlymphoma
hasbeen reported as 3.7% for extranodal NHL and as 12% for
HD. 45!

METHODOLOGY

We retrospectively reviewed the pulmonary abnormalities
in 18 biopsy-proven patients with primary, secondary, or
recurrent NHL or HL on chest computed tomography (CT)
examinations, seen at our institution with CT/positron
emission tomography-CT scans over a period of 10 years.
Out of our 18 biopsy-proven cases, 5 patients had
secondary pulmonary involvement. The rest all were
primary pulmonary lymphoma, though these are rare.

The images were evaluated to determine the morphological
pattern of appearance, laterality, localization, number,
size, presence of thoracic lymphadenopathy, and
secondary/combined findings. Patients were included in the
study if parenchymal involvement and other manifestations
of lymphoma were recognized at initial diagnosis or during
initialtherapy (secondarylymphoma)orifpulmonaryfindings
developed after a disease-free interval after therapy (recurrent
lymphoma). Patients with pleural effusion or mediastinal
manifestations were excluded from the study.

Based on the predominant radiologic abnormalities, the lung
lymphomas were categorized into five major patterns: (1)
consolidation, (2) mass, (3) nodule, (4) ground-glass
opacity (GGO), and (5) lymphangitis/perilymphatic. Area
of consolidation was defined as homogeneous increase in
pulmonary parenchymal attenuation obscuring the vessel
margins and airway walls; mass was defined as rounded
well-defined or moderately well-defined opacity >3 cm
in maximum diameter; nodule was defined as rounded
well-defined or moderately well-defined opacity <3 cmin
maximum diameter; GGO was defined as a hazy increased
attenuation of lung with preservation of bronchial and
vascular margins. For every lung lesion identified, the
presence of secondary associated features such as air
bronchogram, bronchiectasis, calcification, and cavitation
was also looked for. Other CT features, such as mediastinal
lymphadenopathy, pleural effusions, and mosaic pattern,
were also identified.!!

IMAGING PATTERNS

Masses

The pattern of CT findings of secondary pulmonary
lymphoma consists of either solitary or multiple nodules,
masses or mass-like consolidation, the masses usually
ranging from 0.5 to 8 cm in diameter [Figure 1]. These
large masses often have shaggy or ill-defined borders and
are sometimes cavitary”! [Figure 2]. Cavitation is more
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Figure 1: (a-d) Computed tomography (a) and computed
tomography-guided biopsy (b) images of a 50-year-old patient
presenting as a pulmonary mass (arrows) in the left upper lobe.
Positron emission tomography/computed tomography (c and d)
images show uptake in the mass (arrows) and aortopulmonary window
region lymph node (arrowhead). Biopsy showed a primary pulmonary
lymphoma-T-cell-rich B-cell non-Hodgkin’s lymphoma

common in DLBCL, regardless of the immune status of
the patient.™

Primary pulmonary HL. most commonly presents as single
or multiple nodules with a predominantly seen upper lobe
distribution.®? In a study by Lewis et al., the most common
finding with HL was mass or mass-like consolidation (seen
in 80% cases) whereas the most common finding
observed with NHL was peribronchovascular interstitial
thickening (seen in 69% of cases). Mediastinal lymph node
enlargement was more commonly seen with HL. (53%) than
with NHL (19%)6! [Figure 3].

Nodules

In a study by Diederich et al., pulmonary nodules were
seen in 88% of cases of secondary pulmonary lymphoma.
The nodules were multiple in number in 86% of cases and
bilateral in distribution in 66% of cases [Figure 4]. Diffuse
lung infiltration was seen in 27% of cases, and more than
half of these patients showed nodules.” The radiological
differential of such multiple pulmonary nodules includes
bronchogenic carcinoma, infections, and vasculitis.

Consolidation

The most commonly seen radiological appearance of
primaryNHL, particularlyMALT lymphomaofthelung,isan
area of opacification with poorly defined margins and air
bronchogramsseenwithinf? [Figures 5and6]. Thelocalized
area of consolidation seen in primary low-grade B-cell
lymphoma may range from a small subsegmental area to an
entire lobe, or less commonly, as multifocal and multilobar
areas of consolidation.® Such pulmonary parenchymal
abnormalities show an indolent course, with slow growth
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over a period of time.!" The bronchi traversing within
such affected lung parenchyma may appear dilated or
stretched and show a slightly narrowed lumen.!"! A positive

Figure 2: (a and b) Positron emission tomography/computed
tomography (a) and computed tomography-guided biopsy (b) of a
27-year-old male patient presenting as a lung mass with a large
homogeneous soft tissue density mass (arrows) in the left upper
lobe encasing the left main pulmonary artery and abutting the pleura
with fluorodeoxyglucose avid areas seen in the central part of the
mass (arrowheads) which were targeted during the biopsy (b). Biopsy
showed primary non-Hodgkin’s lymphoma with a diffuse large B-cell
phenotype

wib - v

Figure 3: (a and b) Positron emission tomography/computed
tomography (a) and computed tomography (b) images of a 27-year-old
patient presenting with a large soft tissue mass in the superior lingula
and the anterior segment of the left upper lobe (arrows) and mediastinal
nodes (arrowheads). Biopsy was consistent with primary Hodgkin’s
lymphoma (lymphocyte rich)

“angiogram”sign, whichconsistsofan“enhancingpulmonary
vessel within a homogeneous area of consolidation,” and a
halo of ground-glass attenuation at the margin of the lesion
have also been reported in cases of MALT lymphoma, but
these are nonspecific findings that can be seen in a number
of other conditions as well, including bronchoalveolar cell
carcinoma.!!! The radiological differentials are organizing
pneumonia and invasive mucinous adenocarcinoma.?

Ground glass

GGO is the least common pattern of presentation of lung
lymphoma!® [Figures 7 and 8]. Very limited literature
is available for this pattern of presentation. Tokuyasu
et al. reported two cases of lymphoma presenting as
diffuse ground-glass opacities. The biopsy findings of
these patients showed that the lymphoma cells were
mainly infiltrating the bronchiolar walls and alveolar
septa of the lungs, but were not seen in the alveolar
spaces. These microscopic findings were an evidence of
hematogenous spread of lymphoma cells. Thickening of
the alveolar walls due to invasion by lymphoma cells,
without involvement of the lymphatics, was also noted.
These findings suggest that the pathological mechanism
underlying bilateral diffuse GGO on chest CT is the
spread of lymphoma cells mainly via the vascular rather
than lymphatic pathways, a pattern known to occur but
rare.[*®! The differential diagnosis of radiological patterns
of diffuse ground-glass opacities is broad and includes
infection, diffuse alveolar hemorrhage, and interstitial
lung disease.

Lymphangitis/perilymphatic

Secondary pulmonary lymphomas are known to present most
commonly as bronchovascular or lymphangitis-like patterns
with thickening of bronchovascular bundles and interlobular
septae as seen in 41% cases!® [Figures 9 and 10].

Figure 4: (a-f) Biopsy-proven case of secondary non-Hodgkin’s lymphoma (diffuse large B-cell ymphoma). Close follow-up images of a 26-year-old
male who presented with multiple lung nodules (arrows) and ground-glass opacities (arrowheads). On treatment, there was regression of the
ground-glass opacities (arrowheads) seen in both the upper and lower lobes with mild reduction in the nodules (arrows)
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Figure 5: A 67-year-old patient presenting with patchy
consolidation (arrow) and nodules (arrowheads) in both lungs. Biopsy
showed secondary pulmonary lymphoma — high-grade (diffuse large
B-cell ymphoma) non-Hodgkin’s lymphoma

Figure 7: (A-D) Primary non-Hodgkin’s lymphoma (follicular type).
Computed tomography scan (a) shows diffuse ground-glass opacities
in the superior segments of both lower lobes (arrows). Note the
absence of lung nodules and mass-like areas of consolidation.
Positron emission tomography-computed tomography (b) shows
fluorodeoxyglucose update in the areas of ground-glass opacities.
Subsequent follow-up (c and d) on treatment shows significant
resolution of the ground glass

These findings can be convincingly explained on the basis
of the anatomy of the lymphatic system in the lungs. One
typical method of spread of pulmonary lymphoma is along
the lymphatics, most commonly in the form of retrograde
spread of tumorseendirectly from involved hilarormediastinal
nodes. However, parenchymalinvolvementcanalsoresultfrom
antegrade spread from multiple foci. Hematogenous spread of
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Figure 6: (a-d) Computed tomography (a and b) and positron
emission tomography/computed tomography (c and d) of a 29-year-old
male presenting with nonresolving consolidation (arrows) with air
bronchograms (arrowheads) in the right middle lobe and the anterior
segment of the right upper lobe (B and D). Biopsy showed primary
low-grade B-cell non-Hodgkin’s lymphoma of follicle cell type

(2)2)

Figure 8: (a and b) A 27-year-old male presented with diffuse
ground-glass opacities (arrowheads) and interlobular septal
thickening (arrows). Biopsy showed primary non-Hodgkin’s
lymphoma (diffuse large B-cell phenotype) of the lungs

Table 1: Summary of various pulmonary presentations of
lymphoma
Pattern
Masses

Key radiological features

Solitary or multiple nodules, masses
or mass-like consolidation, the
masses usually ranging from 0.5 to
8 cm in diameter. Some masses may
show cavitation

Area of opacification with poorly
defined margins and air bronchograms
seen within. Subsegmental to lobar
involvement.

Rare, Bilateral diffuse ground-glass
opacities.

Thickening of bronchovascular
bundles and interlobular septae

Consolidation

Ground glass

Lymphangitis/ perilymphatic

lymphomaisbelieved toberare butis known to occur. These
interstitial patterns consistingof perilymphaticnodules, septal,
and peribronchovascular thickening can appear identical to
those seen with lymphangitic carcinomatosis or sarcoidosis."?

Pleural involvement
Primary pleural lymphoma is rare and presents often

as two subtypes: primary effusion lymphoma or
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Figure 9: (a and b) Biopsy-proven case of primary non-Hodgkin’s
lymphoma of large B-cell phenotype showing perilymphatic pattern of
spread seen as septal thickening (arrows)

pyothorax-associated lymphoma. Secondary pleural
NHL may arise through hematogenous or lymphatic
dissemination or by direct extension from pulmonary or
nodal disease. Extrinsic lymphatic or venous compression
by enlarged mediastinal lymph nodes may cause benign
transudative effusion, which is more commonly seen
in Hodgkin’s disease.'?! Pleural effusion is a common
finding in patients with NHL, with a incidence of
16%-20%. Among them, 60% account for DLBCL
lymphoma.l*?1* Pleural involvement in lymphoma has a
diverse presentation; however, pleural effusions were not
the focus of this retrospective review.

The various presentations of pulmonary lymphoma are
summarized in Table 1.

SUMMARY

The pulmonary manifestations of lymphoma are varied and
can be a diagnostic challenge at times. These presentations
can mimic a variety of disease patterns and lymphoma
should be placed high among the differential diagnoses.
A coordinated clinical and radiological approach should
be followed and an aggressive workup should be done.
Similarly, any new lung lesion in a known or treated case
of lymphoma should be viewed with suspicion for disease
spread or recurrence.
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Figure 10: (a and b) Secondary non-Hodgkin’s lymphoma in a
known case of Sjogren’s syndrome, showing perilymphatic pattern of
distribution of lung nodules. Biopsy shows extranodal marginal zone
lymphoma (arrows)
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