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ABSTRACT

Pulmonary lymphoproliferative neoplasms are rare lung tumors and account for <1% of all lung tumors. Among them,
primary pulmonary lymphomas (PPL) constitute the majority, which include Non-Hodgkin’s lymphoma (NHL) that comprise
of mucosa-associated lymphoid tissue lymphoma, diffuse large B-cell lymphomas and other rare types of NHL and
lymphomatoid granulomatosis. HL, which arises secondary to contiguous spread from the mediastinum, is the rarest
type of PPL. Other entities described within the umbrella of pulmonary lymphoproliferative neoplasms include pleural
lymphomas and posttransplant lymphoproliferative disorders (PTLD) — which occurs in the poststem cell and organ
transplant patients. These neoplasms although rare, have a favorable prognosis, which does not depend on disease
resectability. Moreover, with its nonspecific presentation, diagnosis is challenging, which often leads to delayed diagnosis
or misdiagnosis in many cases. Therefore, knowledge of this entity is important for the practicing pulmonologist. This
review article aims to describe the clinical presentation, diagnosis and management of primarily the entities within PPL,
as well as pleural lymphomas and PTLD.
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INTRODUCTION

The pulmonary lymphoid tissue is composed of
pulmonary lymphatics and bronchus-associated lymphoid
tissue (BALT)."? BALT generally consists of submucosal
lymphoid aggregates along the airways, which is most
commonly at the bifurcation of bronchioles. BALT is not
present at birth, or in the young healthy adult. However, they
can appear or “be induced” secondary to chronic antigenic
stimulation, such as in chronic infection, immunologic
diseases such as connective tissue diseases and smoking.!*?

Primary lymphoid proliferative disorders of the lung
arise from BALT — which include (a) nonneoplastic
proliferations of lymphoid tissue which comprise nodular
lymphocyte hyperplasia, reactive lymphoid hyperplasia,
follicular bronchiolitis, and lymphoid interstitial
pneumonias? and (b) neoplastic proliferations which
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include Non-Hodgkin’s lymphoma (NHL) types, HL, and
lymphomatoid granulomatosis (LG). Among the NHL
subtypes, extranodal marginal zone mucosa-associated
lymphoid tissue (MALT) lymphomas are the most common
entity.*3! Other NHLs within this spectrum include
diffuse large B-cell lymphoma (DLBCL), intravascular
B-cell lymphoma, and T-cell lymphomas. These
collectively comprise the group of primary pulmonary
lymphomas (PPL).

Lymphomatous proliferation can involve lung in three
ways: (1) hematogenous dissemination of NHL and HL
(2) contiguous invasion from hilar or mediastinal nodes
and (3) primary pulmonary (PP) involvement.!**! The first
two entities describe the secondary involvement of the
lung by lymphoma [Figures 1 and 2a, b] and are much
more common than PP involvement.
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Figure 1: Bronchoscopy showing secondary involvement and
encroachment into right mainstem bronchus from systemic diffuse
large B cell ymphoma

PPL is defined as clonal lymphoid proliferation affecting one
or both lungs (parenchyma and/or bronchi) in a patient with
no extrapulmonary involvement at the time of diagnosis or the
subsequent 3 months.®# PPL is very rare, representing only
0.3% of all PP malignancies, <1% of all cases of NHL, and 3%-—
4% of extranodal NHL.?¥ The objective of this review article
is to describe the various PP lymphoproliferative neoplasms,
their clinical presentations, diagnosis and management.
Other pulmonary lymphoproliferative disorders such as
posttransplant lymphoproliferative disorders (PTLD) and
pleural lymphomas are also reviewed [Table 1].

MUCOSA-ASSOCIATED LYMPHOID TISSUE
PRIMARY PULMONARY LYMPHOMA

Etiology

The most common type of PPL is MALT PPL that accounts
for 70%-90% of diagnosed cases."** MALT lymphoma is a
marginal zone B-cell lymphoma that represents monoclonal
proliferation of lymphoid tissue in the lung and arises from
a B-cell progenitor within BALT.”! Despite the evidence
of chronic antigenic stimulation leading to lymphoid
hyperplasia, an association between a specific pathogen
or autoimmune disease and MALT PPL has never been
demonstrated."® In a large meta-analysis of patients with
MALT PPL, 45% had a history of smoking, 9% had a history
of exposure to toxic substances, and 19% had a known
preexisting lung condition.®®! Approximately 10%-29%
of patients diagnosed with MALT-PPL had a connective
tissue disorder such as systemic lupus erythematosus,
rheumatoid arthritis, Sjogren’s syndrome, or infections
such as hepatitis C and human immunodeficiency
virus (HIV).I'%8 Patients with Sjogren’s syndrome are at
6.6—44 times higher risk of developing lymphoma, of which
MALT-PPL is the most common type.”

Clinical
The median age of MALT-PPL diagnosis is 60 years, and
more recent literature suggest increased incidence in
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mass (a) with mediastinal adenopathy, as secondary involvement from
mantle cell lymphoma. (b) Cyclin D 1 positivity on tumor cells from
transbronchial biopsy, confirming Mantle cell lymphoma

women.""l About half of the patients are asymptomatic
at the time of diagnosis with further investigations usually
initiated after incidental abnormal pulmonary radiographs.
When present, symptoms are nonspecific, such as cough,
dyspnea, chest pain, and occasionally hemoptysis. The
presence of fever and weight loss is particularly associated
with aggressive disease forms.12

Radiography

Chest radiographic findings are not specific for MALT-PPL
and vary greatly. Chest computed tomography (CT)
is the imaging modality of choice. The most common
findings (>70%) are multiple bilateral lung nodules
with air bronchograms or areas of bronchiectasis
within larger lesions.[™'¥ Lesions can also be unilateral.
CT attenuation can vary with lesions ranging from
solid, mixed solid and ground glass, or pure ground
glass.!"® Nodules or masses are in a peribronchovascular
distribution with most measuring <5 cm in diameter.?'?
Other radiological presentations described include areas
of consolidation, which may be mass-like or nodular
in appearance [Figure 3a]. MALT lymphoma can also
infiltrate along airways resulting in small airway
disease causing a mosaic attenuation pattern. Hilar
and mediastinal lymphadenopathy is present in up
to 30% of patients. Pleural effusions are uncommon
and are seen in 10% of cases.['*'* The CT angiogram
sign, which is an enhancing vessel on a background
of consolidation, may be present but is extremely
nonspecific. Two retrospective analyses of histologically
confirmed MALT-PPL demonstrated fluorodeoxyglucose
positron emission tomography (FDG-PET) avidity in
80% of cases.[®15 FDG-PET uptake was only significantly
associated with tumor size.'® MALT-PPL with indolent
growth may have little FDG uptake; thus, FDG-PET imaging
for staging remains controversial.**]

Pathology

MALT-PPL has a variable cytologic appearance, including
lymphoplasmacytic, centrocyte-like, or monocytoid
cells. Tumor cells spread in a lymphangitic growth
pattern along bronchovascular bundles and interlobular
septa [Figure 3b and c]. Immunohistochemistry (IHC)
confirms a monoclonal B-cell population that stains
positive for CD19, CD20, CD79a, and absence of CD5 and
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Figure 3: Computed tomography with mass in the right lower lobe
and pleural effusion of 2 years duration. (a) The patient underwent
thoracotomy and surgical excision, which demonstrated large sheets
of CD 20 positive B cells (b) and confirmed as mucosa associated
lymphoid tissue-primary pulmonary lymphomas. (c) H and E, under
high power (x400) showing large sheets of B cells. The patient was
lost to follow up

CD10.21% If detected, CD43 co-expression with CD20, a
T-cell and B-cell marker respectively, rules out a reactive
process.l'*17] Flow cytometry may detect plasma cells
with or without light chain restriction. Unusual features
that have been reported include vascular invasion,
granulomatous reaction, fibrosis, or amyloid stromal
deposition.”! Amyloid deposition can be seen in 1%-6%
of cases, more commonly seen in older women.!"!

Several chromosomal translocations have been
described in association with MALT lymphoma
including t (11:18)/API2-MALT1, t (1:14)/BCL10-IGH,
t(14:18)/IGH-MALT1, and £ (3:14)/FOXP1-IGH. API2-MALT1
fusion is specific to MALT lymphoma and is the most often
detected (40%) fusion abnormality in MALT-PPL.[518!

Diagnosis/pathology

Tissue biopsy is the gold standard for diagnosis and
can be obtained through minimally invasive techniques
either by bronchoscopy or CT-guided percutaneous
needle biopsy, both of which have >80% diagnostic
yield in recent studies.!®'?! Macroscopic views by
bronchoscopy are usually normal, although abnormalities
such as mucosal inflammation and bronchial stenosis
may be observed.P In about two-thirds of MALT PPL
cases, bronchoalveolar lavage (BAL) demonstrates
lymphocytic alveolitis (>20% lymphocytes) which
can be a specific sign when >10% B lymphocytes are
seen with clonality as demonstrated by Ig gene clonal
rearrangements.1213 Demonstration of fusion abnormality
API2-MALT1 (t[11; 18] in BAL cytology strongly supports
the diagnosis. The diagnostic role of endobronchial
ultrasound has not been fully evaluated. Cryobiopsy could
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also be a viable diagnostic tool in experienced hands.!*"
Ultimately, a surgical biopsy may still be necessary to
achieve a definitive diagnosis, as the tissue obtained
by minimally invasive techniques may be inadequate
and unable to exclude other diagnoses such as follicular
bronchiolitis and lymphoid interstitial pneumonia.

Treatment/prognosis

Clinical course of MALT PPL is generally indolent, with
reported 5-year overall survival (OS) rate of greater than
80%.1%2% There is no standard approach to MALT PPL
and therapeutic options include surgery, chemotherapy,
immunotherapy, or radiotherapy. In patients who are
asymptomatic and localized, a continued surveillance
“watch and wait” approach may be used,?" although
radiotherapy or surgical resection may be considered
depending on patient comorbidities. In locally advanced
cases, management options include localized therapy
such as surgical resection, radiation therapy, or systemic
chemotherapy. Although localized therapy may be
associated with improved progression-free survival (PFS)
compared to systemic therapy — no significant difference
in OS has been observed. Furthermore, PFS showed a
trend in favor of patients treated with immunotherapy
and immunochemotherapy versus those receiving
chemotherapy alone."”! Zucca et al. reported in MALT-PPL,
the combination of rituximab plus chemotherapy may be
superior to chemotherapy alone with regards to response
rate and event-free survival,®*? which was also observed
by Rummel.l®?¥ Another retrospective analysis by Wei
et using the combination of rituximab plus cladribine
for stage IV proven unresectable MALT-PPL reported
estimated 2-year PFS and 2-year OS at 80% and 100%,
respectively.'!! Currently, the favored approach for
advanced or metastatic MALT-PPL remains systemic
chemotherapy.

Overall, the prognosis of MALT-PPL is good with 5- and
10-year survival ranging from 84% to 88%. In a study by
Borie et al., age and performance status were the only two
prognostic factors associated with survival.l The presence
of an associated pleural effusion or amyloid portends
a poorer prognosis.’y As in any low-grade lymphoma,
histologic transformation to diffuse large B-cell lymphoma
can occur, although in a single center review by Maeshima
et al., the histologic transformation was observed in 8% of
MALT lymphoma, but none involved MALT-PPL.*4

PRIMARY PULMONARY DIFFUSE LARGE
B-CELL LYMPHOMA

Etiology

Diffuse large B-cell lymphoma (DLBCL) is a systemic disease
in most patients. It accounts for 10%—-20% of PPL and is the
second-most common subtype after MALT-PPL.1*3%! Owing
to its rapid spread to mediastinal nodes and extrathoracic
sites, PP DLBCL is likely under-recognized.
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About half of the PP DLBCL cases arise de novo and
the other half arise from transformation of the more
indolent MALT-PPL.""! Tt often occurs in patients with
underlying chronic infectious or inflammatory process,
such as HIV infection, chronic immunosuppression,
or collagen vascular disease. Among HIV-positive
patients diagnosed with DLBCL, nearly all cases are
Epstein—-Barr virus (EBV)-positive.[*'”] PPL in this
subset of patients may be related to severe immune
deficiency and reactivation of latent EBV infection
within the lung, as in acquired immune-deficiency
syndrome (AIDS)-related primary central nervous system
lymphoma.!*! There are also reported associations of
PP-DLBCL diagnosis and long-term methotrexate use or
solid organ transplant recipients on cyclosporine A or
OKT3 immunosuppression.f

Clinical

The mean age of presentation is 60 years excluding
HIV-positive and chronic immunosuppressed patients
who can present at a younger age. Patients are usually
symptomatic, with respiratory manifestations of cough,
dyspnea, rarely hemoptysis, and systemic “B symptoms,”
which include fever, night sweats, and weight loss.[317:25]

Radiography

PP-DLBCL can present as a single or multiple well-defined
rounded solid masses on chest CT. These lesions tend to
be located peripherally in the lower lobe."®! Features of
MALT-PPL and PP-DLBCL can overlap where solitary or
multiple nodules or areas of consolidation can be seen.
Cavitation and/or central necrosis on chest CT is seen in
50% of the cases [Figure 4a] and is a feature more common
and frequent of P-DLBCL compared to MALT PPL.1%14
Pleural effusions are more common in PP-DLBCL."! Hilar
adenopathy may be seen. Two recent cases of PP-DLBCL
described radiographic findings of consolidation of
multiple pulmonary nodules with air bronchograms
and halo of ground-glass shadowing at lesion margins
(halo sign).?®! FDG-PET usually demonstrates metabolic
activity.
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Figure 4: Computed tomography scan showing large necrotic opacity
in the right upper lobe (a). Bronchoscopy with transbronchial lung
biopsy revealing large population of B cells. (b) Large B cells in
clusters consistent with diffuse large B-cell Lymphoma. The patient
was started on cyclophosphamide, doxorubicin, vincristine and
prednisone with remission achieved and is doing well at 2 years after
follow-up (H and E, x400)
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Pathology

PP-DLBCL forms confluent sheets of tumor cells that destroy
the normal lung parenchyma. Histologically, large sheets
of dyscohesive lymphoid cells with coarse chromatin,
distinct nucleoli, and abundant cytoplasm are usually
described as centroblastic or immunoblastic [Figure 4b].
By IHC, tumor cells are positive for CD19, CD20, CD79a,
and those of germinal center origin express CD10 and
BCL-6.1Y Ki-67, proliferation index generally exceeds
40%-60%."""**1 A particular concern in the diagnosis of
DLBCL is concurrent rearrangements involving MYC and
BCL2 or BCL6, termed “double hit lymphoma.” These cases
show frequent extranodal involvement and are associated
with poor prognosis despite aggressive chemotherapy.!*”!

Diagnosis

Bronchoscopic examination is usually abnormal with
budding or infiltrative stenosis of bronchi seen with
possible tumoral invasion. Histologic diagnosis via
minimally invasive procedures and bronchoscopy
is generally easy, even with small samples due to
the presence of characteristic blast-like lymphoid
cells.Bl Multiple case reports demonstrating success of
transbronchial lung biopsy and ultrasound-guided fine
needle aspiration (FNA) in diagnosing PP-DLBCL further
support this observation.6-2%!

Treatment/prognosis

PP-DLBCL is usually widespread by the time of diagnosis
decreasing the chances of surgical resection, which can be
performed in cases of localized tumors. The rate of local or
distant recurrence is reported to be high and thus treatment
after surgical resection is often based on combination of
chemotherapy and radiation.?*’ Chemotherapy consists of
the same multi-agent regimens as those used in high-grade
nodal lymphomas, including cyclophosphamide,
doxorubicin, vincristine, and prednisone (CHOP).B!' A
retrospective analysis of over 9,000 patients did not show
a statistically significant benefit among patients with NHL
who received CHOP plus rituximab (R-CHOP) versus
CHOP alone, although a subset analysis demonstrated the
largest impact of R-CHOP on lymphoma-related death was
for DLBCL of the spleen, liver, and lung.*"!

Historically, PP-DLBCL was thought to have a worse
prognosis with reported widely variable median survival
times from 3 to 10 years.?! However, a large case series
by Neri et al. found that PP-DLBCL patients treated with
conventional CHOP achieved complete response in
77 cases (94%) with 10-year PFS of 90%.5" HIV patients
and chronically immunosuppressed patients with
pulmonary lymphomas have a poor prognosis usually
secondary to opportunistic infections.

LYMPHOMATOID GRANULOMATOSIS

Etiology
LG is a very rare extranodal neoplastic lymphoproliferative
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disorder that arises primarily in the lungs. First described
in a case series of 80 patients by Liebow et al. in 1972,
LG is a misnomer as the presence of granulomas is not
typically observed and the term was assigned based on
a clinical presentation similar to other granulomatoses,
such as granulomatosis with polyangiitis (GPA) and
eosinophilic GPA." The presence of EBV involvement was
demonstrated around 20 years later.!*”

LG is an angiocentric and angiodestructive disease
that is driven by clonal proliferation of atypical large
B-cells associated with abundant infiltrate and reactive
T-cells." Although part of the PPL spectrum, LG merits
special consideration; the clinical features reflect
systemic multiorgan disease. The current hypothesis is
EBV-infected B cells release chemokines, which attract
T cells and produce vascular damage. Subsequently,
host impaired immunologic response permits the
proliferation of EBV-infected B cells that eventually
leads to the development of an independent malignant
clone.®! In addition, viral proteins that normally induce
cytotoxic T-cell response, appears to be deficient in LG."!
Lung parenchyma is the most common primary site of
involvement (80%-90%) but synchronous extrapulmonary
involvement is common, mainly involving skin (50%) and
brain (30%).M114

Clinical

The prevalence is unknown and much of the literature
on LG derives from case series."! LG characteristically
affects immunosuppressed patients, such as AIDS,
postsolid-organ transplantation, rare hereditary T-cell
deficiencies, Wiskott—Aldrich syndrome, postablation
chemotherapy, autoimmune diseases, and in those
with rheumatoid arthritis treated with methotrexate.*?
The median age at diagnosis is 30-50 years old, with
a ratio of 2:1 male predominance. Rare cases of LG in
immunocompetent patients have also been reported.
Nearly, all patients are symptomatic (90%) for several
months to years with respiratory complaints of cough
and dyspnea 50%-80% of the time. Chest pain, fever,
weight loss, and potentially life-threatening hemoptysis
can occur.*12% Neurologic manifestations vary depending
on the site of involvement.["? A complete blood count is
normal in more than 50% of cases, although lymphopenia,
leukocytosis, or hypereosinophilia has been reported.

Radiography

Radiography may reveal subtle nodules scattered
throughout the lungs. The most common features on
chest CT are multiple lung nodules ranging from 0.5
to >10 cm with preferential basal localization, occurring
in approximately 80% of all cases. Anatomical-radiological
studies have showed that ill-defined nodules rapidly
coalesce into larger masses and undergo necrosis
with resultant central cavitation, therefore mimicking
granulomatosis polyangiitis or metastasis.!* Nodules are
distributed along peribronchovascular and interlobular
septa.l'¥ FDG-PET images show avid uptake in these
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lesions and can also demonstrate metabolic activity in the
skin, kidneys, and nodes. Central ground-glass opacities
with surrounding denser consolidation (reverse halo sign)
correspond to “migratory” nodules that are previous foci
of active disease.14%! Hilar lymphadenopathy is rare. %

Pathology

Histologically, LG consists of well-circumscribed nodules of
polymorphous lymphoid infiltrate involving medium-sized
to small pulmonary veins and arteries with vasculitis
and areas of coagulative necrosis with unremarkable
surrounding lung parenchyma. The polymorphous
infiltrate is composed of mainly lymphocytes that
are CD3+, CD4+ T cells, occasional plasma cells and
macrophages, and variable number of large atypical
lymphoid cells. Morphologically, the atypical cells can
resemble immunoblasts, plasmablasts, or Reed—Sternberg
cells.l'7251 Well-formed granulomas are absent. The large
atypical cells are B cells, positive for CD20, CD79a, CD30,
and in situ hybridization for Epstein—-Barr encoding region
should be performed.?!

Diagnosis

Adequate sampling of lung lesions is necessary for
histologic diagnosis and proper grading of LG. Tissue
samples obtained by bronchoscopy via transbronchial lung
biopsy have a much lower yield due to the bronchocentric
yet focal nature of LG.[*3'2 Hypereosinophilia may
be observed in the BAL but lacks specificity. Surgical
lung biopsy is the preferred method of tissue sampling.
However, a diagnosis from easily accessible sites such as
skin may be obtained if involved."” Owing to the varied
tumoral infiltration and EBV staining, it is recommended
to biopsy all accessible sites.'?!

Treatment/prognosis

The rarity of LG precludes any therapeutic recommendations
or clinical trials. Localized LG has been treated successfully
with surgery or radiotherapy. Grade 1 LG [Table 2] may
not require treatment and spontaneous remission has
been reported.!** Treatment for grades 1 and 2 lesions
include interferon alpha-2, while grade 3 LG treatment
includes high dose steroids with chemotherapy regimens
such as CHOP, ICE (Ifosfamide, Carboplatin, Etoposide),
and hyperCVAD (Cyclophosphamide, vincristine,
doxorubicin and dexamethasone, along with methotrexate
and cytarabine) or immunochemotherapy with variable
success.»12%!

The natural history of LG is variable and generally
associated with a poor prognosis; median survival is
approximately 4 years. The clinical aggressiveness of the
disease relates to the proportion of EBV + large B cells,
which forms the basis of histological grading. Histologic
grades 2 and 3 have poorer prognosis and higher risk
of progression to malignant large B-cell lymphoma
involving lymph nodes, spleen, and bone marrow.
Causes of death in order of frequency are respiratory
insufficiency (38%-88%), hemoptysis (44%-89%),
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Table 1: Brief review of each primary pulmonary lymphoma type with clinical description, main radiographic findings,

and management

Pulmonary
lymphoma

Clinical presentation

Radiography

Management

MALT PPLB614

PP-DLBCLI!3:172531]

LGB.1225)

PPPI2)

IVLBCLE*

PPHL34354142)

T-cell Lymphomal!2543!

Pleural lymphomas

PTLDLL657

Median age, 60 years old

Higher incidence in women

Usually asymptomatic or chronic cough
Up to 30% association with connective
tissue disease or chronic infection

Mean age, 60 years old

Present with “B symptoms”, cough, and
dyspnea

Associated with HIV and those on
chronic immunosuppression

Median age, 30-50 years old

Male predominant

Symptoms of chronic cough, dyspnea,
“B symptoms,” hemoptysis

Nodular lesions can affect skin and
brain

Affects immunosuppressed patients due
to EBV reactivation

Median age, 40 years old
Asymptomatic but can have fever or
dyspnea

Primary pulmonary symptoms
uncommon

Symptoms dependent on which organ
involved

Mean age, 42 years old

Slight predilection for young adult
women

Symptoms of cough, dyspnea, and fever

P-ALCL-Bimodal age distribution
Other T-cell lymphomas-elderly patients
Usually advanced at presentation with
most clinically ill

PEL125052)
Young to middle aged homosexual
males with HIV
Associated with HHV-8 infection

PALB?
Symptoms of chest pain and fever
More common in elderly men

Seen in immunosuppressed patients,
highest risk in EBV naive organ
transplantation recipient who acquires
EBYV infection

Lung transplant incidence-2.5-8%

Imaging of choice chest CT

Multiple bilateral lung nodules in area of
bronchiectasis or air bronchograms
Lesions can be solid, mixed solid and
ground glass, or ground glass

Pleural effusions uncommon

Can be metabolically active on PET scan
Single or multiple rounded solid masses in
peripheral lower lobe

Cavitation and/or central necrosis in 50%
of cases

Pleural effusions common.

Metabolically active on PET

Multiple sized nodules, from 0.5 to

>10 cm

Nodules coalesce into masses with necrosis
and central cavitation

Predominant basal location

Metabolically active on PET

Well-circumscribed pulmonary mass or
hilar mass with bronchial involvement

Bilateral ground glass opacities or
interstitial opacities

Varied presentation, single or multiple
nodules, cavitated lesions

Upper lobe predilection

Pleural effusion may be present

Bilateral diffuse nodular lesions, mass-like
consolidation, hilar adenopathy and pleural
effusions

May see pleural thickening in association
with pleural effusion

Mass arising within pleural cavity

One or more pulmonary
nodules+mediastinal adenopathy

Tissue diagnosis via minimally
invasive techniques

Rarely requires surgical biopsy
Treatment may be surveillance
or surgery, chemotherapy,
immunotherapy, or radiotherapy
S-year OS, 80%

Tissue diagnosis via minimally
invasive techniques

Usually widespread at time of
diagnosis, precluding surgery
Chemotherapy with CHOP or
R-CHOP

10-year PFS, 90%

If feasible, biopsy all affected sites
Surgical lung biopsy preferred
Treatment dependent on grade;
includes IFN-02, CHOP, ICE,
hyper-CVAD

Median survival, 4 years

Surgical resection is preferred for
solitary tumors

S-year OS 60%

Transbronchial lung biopsy for tissue
diagnosis

Chemotherapy+rituximab

Complete response~50%

Requires surgical lung biopsy 90%
of time

Surgical resection for single lesion
Chemotherapy for bilateral/diffuse
disease

Multi-lobar involvement,

age >60 years old, “B symptoms”
portend poor prognosis

Requires surgical lung biopsy

If localized, can resect surgically

If diffuse, CHOP chemotherapy,
varying success rates

Overall very poor prognosis
Thoracentesis for sample pleural
fluid

Biopsy rarely needed

Generally resistant to chemotherapy
Poor prognosis

CT-guided biopsy may be
diagnostic, otherwise surgical biopsy
necessary

Patients can exhibit initial response to
chemotherapy.

S-year OS, 22%

Tissue biopsy via minimally invasive
techniques

Treatment involves reducing
immunosuppression-trituximab

MALT: Mucosa associated lymphoid tissue, PPL: Primary pulmonary lymphomas, PP-DLBCL: Primary pulmonary-diffuse large B-cell lymphoma,
LG: Lymphomatoid granulomatosis, PPP: Primary pulmonary plasmacytoma, IVLBCL: Intravascular large B-cell lymphoma, PPHL: Primary
pulmonary Hodgkin’s lymphomas, PTLD: Posttransplant lymphoproliferative disorders, HIV: Human immunodeficiency virus, EBV: Epstein—-Barr
virus, P-ALCL: Pulmonary anaplastic large cell lymphoma, PEL: Primary effusion lymphoma, HHV: Human herpes virus, PAL: Pyothorax-associated
lymphoma, CT: Computed tomography, 0S: Overall survival, CHOP: Cyclophosphamide, doxorubicin, vincristine, and prednisone, R-CHOP: Rituximab
plus CHOP, ICE: Ifosfamide, carboplatin, etoposide, CVAD: Cyclophosphamide, vincristine, doxorubicin and dexamethasone, IFN-a2: Interferon
alpha-2, PFS: Progression-free survival
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Table 2: Classification and subtypes of lymphomatoid
granulomatosis

LG types'"?! Features

Grade 1 LG Few EBV-positive cells (<5/hpf), little necrosis, no
atypical cells

Grade 2 LG More EBV-positive cells (5-20/hpf), moderate necrosis,
occasional atypical cells

Grade 3 LG More EBV-positive cells, extensive necrosis,

predominantly large atypical cells

LG: Lymphomatoid granulomatosis, EBV: Epstein—Barr virus

neurological complications (7%-31%), and infection (23%-—
38%). Favorable prognostic factors include older age,
absence of symptoms, and unilateral lung involvement.
Poor prognostic factors are age <25 years, neurological
involvement, hepatosplenomegaly, leukopenia, persistent
fever, and histologically, the number of tumoral cells and
amount of necrosis.*?

PRIMARY PULMONARY PLASMACYTOMA

Etiology
PP plasmacytoma is exceedingly rare with possibly <100
true primary lung cases reported.*!

Clinical

PPP is seen in both sexes with equal predilection and median
age of onset is 40 years. Patients are usually asymptomatic
but fever, dyspnea, and hemoptysis have been reported.?

Radiography

The most common radiographic finding is an isolated
well-circumscribed pulmonary mass or as a hilar mass
with bronchial involvement.?%!

Diagnosis/pathology

Thoracotomy and surgical excision is necessary for
diagnosis. Histologically, the tumor is composed of diffuse
sheets of mature monoclonal plasma cells.”!

Treatment/prognosis
Surgical resection is the preferred treatment for solitary
tumors, with a 5-year survival of 60%.%%"

PULMONARY INTRAVASCULAR B-CELL
LYMPHOMA

Etiology
Intravascular large B-cell lymphoma is an aggressive rare type
of extranodal NHL and regarded as systemic from the outset.!"

Clinical

Patient presentation is highly variable based on which
organs are affected but primary presentation in the lungs
is highly uncommon.?

Radiography
Pulmonary imaging usually reveals bilateral ground glass
opacities, centrilobular nodules, and interstitial opacities.***
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Diagnosis/pathology

Bronchoscopy with transbronchial lung biopsies can assist
with diagnosis. Histology is characterized by proliferation
of atypical lymphoid cells within the lumen of capillaries,
arterioles, venules, and lymph ducts with little to no
invasion of adjacent lung parenchyma. The intravascular
invasion results in thrombotic and ischemic complications
of various organs.®

Treatment/prognosis

Treatment is with conventional combination chemotherapy
with or without rituximab, giving a complete response rate
of approximately 50%.1%%

PRIMARY PULMONARY HODGKIN'’S
LYMPHOMA

Etiology

Pulmonary involvement is seen in 15%—-40% of patients
with HL.*¥! PPHL are extremely rare, with <100 cases
reported in world literature. Nodular sclerosis subtype
is the most common variety of PPHL, accounting for
60%-70% of the cases. The following criteria are used
to establish the diagnosis of PPHL: (1) disease must
be confined to the lung (but may have minimal hilar
adenopathy); (2) histologic results must be consistent
with HL; and (3) exclude other pathologic conditions.?*%!

Clinical

Clinical presentation is nonspecific, with fever, cough,
and dyspnea as the most commonly reported symptoms,
with a slight preponderance in young adult females
(mean age 42 years).!*!

Radiography

Radiological presentations vary and may present as a single
pulmonary nodule, multiple nodules, or cavitated lesions
with a predilection for the upper lobes.!*>*! No radiological
sign is pathognomonic for PPHL.5”!

Pathology/diagnosis

The diagnosis of PPHL can rarely be established through
sputum cytology or bronchial brushings (which contain
Reed-Sternberg cells).® Transthoracic FNA may be
suggestive, however, a high index of suspicion is required,
as the Reed-Sternberg cells may be misinterpreted
as reactive pneumocytes.? Open lung biopsy with
video-assisted thoracoscopy is necessary to confirm the
diagnosis in the vast majority of cases.[*4%

Treatment/prognosis

Owingto therarity of the disease, prognostic factors are not well
defined. However, multilobar involvement, age >60 years,
pleural effusion, and B symptoms are associated with poor
prognosis." Management options include surgery in single
lesions, while multi-agent chemotherapy is recommended
for bilateral and diffuse disease.!*'4%
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T-CELL LYMPHOMAS OF LUNG

Etiology

T-cell lymphomas, also known as non-B-cell lymphomas
are extremely rare with only a handful of cases
reported in world literature. Most of the reported
cases are from the Far East.*>%) Pulmonary anaplastic
large cell lymphoma (P-ALCL) is the most commonly
reported subtype.® Other T-cell lymphomas reported
include PP peripheral T-cell lymphomas and NK/T cell
lymphomas.! EBV is frequently seen in tumor cells of
NK/T cell lymphomas.**

Clinical

While P-ALCL has a bimodal age distribution, NK/T cell
lymphomas and pulmonary peripheral T-cell lymphomas
have been mainly reported in elderly patients. Most
patients are diagnosed at an advanced stage with systemic
symptoms and are often clinically ill with fever, cough,
and shortness of breath."4%

Radiography

Radiographic findings seen include bilateral diffuse
nodular lesions, mass-like consolidation, hilar adenopathy,
and pleural effusion. 25434

Pathology

Histologically, P-ALCL is characterized by large, anaplastic
lymphoid cells, hence the name-with variable morphology
including plasmacytoid, sarcomatoid, or small cell
features, which can lead to misdiagnosis. They are
characteristically positive for a pan-T cell maker and
CD-30, which is an important hallmark of P-ALCL."%!
Peripheral T-cell lymphomas and NK/T cell lymphomas in
most cases have angiocentric and angiodestructive growth
patterns,*! with tumor cells positive for all T-cell markers
and EBV in NK/T cell lymphomas.#3!

Diagnosis

Typically, the diagnostic workup starts with either
transbronchial lung biopsy or transbronchial needle
aspiration, which is insufficient, and open lung biopsy
or lobectomy has been eventually required to make the
diagnosis in most reported cases.!*?*4%

Treatment/prognosis

The outcomes of patients with pulmonary non-B-cell
lymphoma are much worse than pulmonary B-cell
lymphoma. Currently, the most common treatment is
surgical resection for localized cases or chemotherapy with
CHOP, which has varying rates of success.'?543

PLEURAL LYMPHOMAS

All types of lymphoma can secondarily involve the
pleura, with the most common ones in order of frequency
being DLBCL (60%) and follicular lymphoma (20%),
respectively.l4%!

Lung India * Volume 35 * Issue 3 * May-June 2018

Primary effusion lymphoma (PEL) and pyothorax-associated
lymphoma (PAL) are the only two primary high-grade
lymphomas, which involve the pleura.*”! These rare types
of lymphomas are likely caused by activation of B cells in
the pleural cavity.[¥! This chronic stimulation of B cells
along with decrease in circulating T cells, may occur in
the setting of acquired immunodeficiency or genetic causes
and can lead to significant B cell proliferation, which, in
turn, can lead to pleural lymphoma.*

PRIMARY EFFUSION LYMPHOMA

Etiology/clinical

PEL commonly arises in young to middle aged males
with underlying immunodeficiency, such as AIDS,"" and
almost always involves human herpesvirus 8 (HHV-8).1"!
In around 50% cases, the lymphoma cells are also infected
with EBV.I#7] HHV-8-infected cells undergo clonal
expansion, eventually leading to neoplastic transformation
through mechanisms of increased proliferation and
impaired apoptosis. The role of EBV in PEL is unclear./*”
In extremely rare cases, it can also exist in the absence of
HIV and HHV-8.°" PEL usually arises in body cavities,
such as the pleural space or the pericardium, hence also
“body cavity lymphoma.”

Radiography

Chest CT scans will show a small degree of pleural
thickening and effusions, without a tumor mass or
mediastinal adenopathy [Figure 5a and b].[*

Pathology

Diagnosis is usually obtained by cytological evaluation of
fluid which shows characteristic pleomorphic large cells
with irregular nuclear contours, prominent nucleoli, and
is positive for HHV-8. Biopsy is seldom required.®"

Treatment/prognosis

It is generally resistant to chemotherapy drugs typically
used for other NHL (CHOP) and carries a poor prognosis.©?

PYOTHORAX-ASSOCIATED LYMPHOMA

Figure 5: Computed tomography scan showing bilateral pleural
effusions in a patient with human immunodeficiency virus/acquired
immune-deficiency syndrome (a). Thoracentesis done subsequently
revealed large B cells, (b) Diff-Quik stain on cytological evaluation
revealing rare large lymphoid cells (x600) confirming primary effusion
lymphoma
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Etiology

PAL is a newly described entity, which develops several
decades after artificial pneumothorax treatment for
pulmonary and pleural tuberculosis or chronic tuberculous
pleural effusion. It is a high-grade NHL occurring in 2% of
patients with long-standing tuberculous pleuritis. PAL is
frequently EBV-associated, mainly reported in Japan and
exceedingly rare in western countries.**

Clinical
PAL is much more common in older men and commonly
described symptoms include chest pain and fever.[**

Radiography
Chest CT scans usually reveal a mass arising within pleural
cavity.[s

Pathology

Histologically, PAL appears as a diffuse proliferation of
large B cells similar to DLBCL. PAL cells also have aberrant
expression of T-cell markers, such as CD2, and usually lack
typical B-cell markers other than CD20.5°%

Diagnosis

As they usually present as a mass in the pleural cavity,
CT-guided biopsy may obviate the need for surgical
resection for evaluation with minimal complications.?*

Treatment/prognosis
Patients appeared to respond initially to chemotherapy, but
the clinical outcome is poor, with a 5-year survival of 229%.5!

POSTTRANSPLANT LYMPHOPROLIFERATIVE
DISORDER

Etiology

PTLD is a diagnosis describing the range of abnormal
proliferation of B cells, ranging from benign polyclonal
hyperplasia to malignant lymphomas. EBV causes B-cell
proliferation resulting in PTLD in approximately 90% of
cases. In the immunocompromised patient, the muted
cytotoxic T-cell response allows proliferation of EBV-infected
B cells to proceed unchecked. The highest risk of developing
PTLD exists in EBV-naive patients who acquire the primary
infection during organ transplantation. An additional risk
factor, which has been implicated in infections, is the degree
of immunosuppression, especially in patients who have
been exposed to antilymphocyte antibody preparations.®

Clinical

PTLD usually develops during the 1% year posttransplant.
Fever and lymphadenopathy are the most common
presenting features.®® Incidence of PTLD following lung
transplants is 2.5%-8%."

Radiography
The allograft is usually involved, with a wide spectrum
of radiological manifestations including solid nodules
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or masses, consolidation, ground-glass opacities, and
interstitial disease.’”! In contrast, beyond the 1% year,
intra-abdominal and disseminated forms of disease
predominate.®®

Diagnosis/pathology

Diagnosis typically requires excision biopsy, although
occasionally core needle biopsies aspiration and cytology
may be diagnostic. Interpretation of transbronchial lung
biopsies can be difficult, as foci of PTLD may appear like
the lymphocyte aggregation associated with acute cellular
rejection.® In such cases, the diagnosis can be confirmed
with in situ hybridization, or IHC staining to demonstrate
the presence of EBV. An additional diagnostic tool is DNA
amplification, which can demonstrate EBV viral load in
the peripheral blood. 6"

Treatment/prognosis

The primary goal in treatment of PTLD is reducing the
magnitude of immunosuppression, which allows for a
partial return of the host innate cellular immunity to
EBV. In up to two-thirds of patients, tumor regression
occurs, but these patients need to be monitored for
acute or chronic rejection, which can be precipitated by
decreasing immunosuppression.'® Immunotherapy with
anti-CD20 monoclonal antibodies (rituximab) is now
considered the first-line therapy for patients with rapidly
progressive disease, those who cannot tolerate reduction
of immunosuppression, or those who do not achieve
complete remission. In solid organ transplants, rituximab
is typically well-tolerated and has a complete response rate
of 60%. Conversely, standard chemotherapy tends to have
poorer outcomes and up to 25% of patients suffer from
treatment-related morbidity.[! While the use of antiviral
agents prophylactically may reduce the subsequent risk of
PTLD, there is no evidence supporting the routine use of
antiviral therapy in the setting of known PTLD.[5

CONCLUSIONS

PPL is a distinct and rare neoplasm that affects the lung.
Most of these tumors arise from the BALT and of these,
the most common form; MALT-PPL has an excellent
prognosis. With the rise in autoimmune diseases and
patients on immunosuppression for various reasons,
lymphoproliferative disorders may be seen more
frequently. Knowledge of this rare entity is essential
to the practicing pulmonologist, as the nonspecific
presentations of these entities may result in unnecessary
tests and delayed diagnosis; which may affect survival.
With advances in IHC and molecular biology as well as
advanced bronchoscopy tools, diagnosis may be obtained
with less invasive measures rather than going for more
invasive procedures to clinch the diagnosis. Finally,
due to the rarity of these tumors, there currently are
no set guidelines on management and hence referral to
specialized centers should be considered when a case of
PPL is encountered in the community.'?!
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