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 Benign Lymphoproliferative Lesions 
of the Lung

 Introduction

The specialized lymphoid tissue found around the respira-
tory mucosa of small bronchi and bronchioles constitutes 
the bronchial-associated lymphoid tissue (BALT) [1–3]. 
The BALT is not conspicuous in normal conditions 
(Figs.  15.1and 15.2), but it can become hyperplastic after 
chronic antigenic stimulation, chronic infections, immune 
dysregulation, or autoimmune disorders. Reactive pulmo-
nary lymphoid processes occur more commonly as intersti-

tial infiltrates but may occasionally form a mass [4]. 
Reactive pulmonary lymphoid proliferations discussed in 
this chapter include nodular lymphoid hyperplasia, follicu-
lar bronchiolitis, diffuse lymphoid hyperplasia/lymphoid 
interstitial pneumonia (LIP), and IgG4-related lung disease. 
Some authors hypothesize that LIP is the precursor lesion to 
pulmonary marginal zone lymphoma of the mucosa- 
associated lymphoid tissue (pulmonary MALT lymphoma; 
discussed in the second part of this chapter).

Even though the diagnosis of most of these lesions can 
be accomplished without difficulty in a wedge resection or 
a partial pneumonectomy, this may not be the case in a 
core needle biopsy, a transbronchial biopsy, or in speci-
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mens with significant cellular artifact. Therefore, in these 
instances, the diagnosis of reactive pulmonary lymphoid 
lesions benefits substantially from additional ancillary 
tests, namely immunohistochemistry, flow cytometry 
immunophenotyping, and cytogenetic and/or molecular 
analysis.

 Pulmonary Nodular Lymphoid Hyperplasia 
(PNLH)

 Introduction

Once designated as “pseudolymphoma” by Saltzstein in 
1963 [5], pulmonary nodular lymphoid hyperplasia (PNLH) 
is a lesion composed of hyperplastic lymphoid tissue that 
forms ≥1 localized lung nodules [6]. The term PNLH was 
first suggested by Kradin and Mark in 1983 [7]. PNLH is 
rare and most likely develops secondary to local lung trauma. 
There is no association between this lesion and autoimmune 
diseases and/or congenital or acquired immunodeficiency 
disorders. Likewise, there is no association between PNLH 
and smoking.

 Clinical Features

The median age of presentation is 65 years, with only rare 
cases reported in children. The male-to-female ratio is 
approximately 1:1 [8]. Patients may be asymptomatic, and 
PNLH is discovered incidentally on imaging performed for 
other reasons. In a recent case series, four pediatric patients 
with classic Hodgkin lymphoma developed PNLH [9]. In 
contrast, symptomatic patients can present with nonproduc-
tive cough, dyspnea, or pleuritic chest pain. Surgical resec-
tion is curative.

 Pathology

Grossly, PNLH consists of a firm, tan-white nodule (usually 
around 2–4 cm) with more or less distinct borders with the 
adjacent lung (Fig. 15.3). Cases with subpleural localization 
may abut but do not extend beyond the visceral pleura. On 
microscopic examination, PNLH consists of a nodule or 

Fig. 15.1 Bronchial-associated lymphoid tissue. The arrows point to 
aggregates of small lymphocytes around a bronchus and at a bronchial 
bifurcation

Fig. 15.2 Bronchial-associated lymphoid tissue (BALT). Small col-
lections of lymphocytes in so-called “resting” BALT
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Fig. 15.3 Pulmonary nodular lymphoid hyperplasia (PNLH). This 
relatively well-circumscribed 2-cm tan-white soft lesion was identified 
in a lobectomy performed for adenocarcinoma located elsewhere in the 
lung. On imaging, this lesion was suspicious for a separate tumor nod-
ule but microscopically was confirmed to be PNLH. (Courtesy of Dr. 
Susanne Jeffus and Dr. Miki Lindsey)

Fig. 15.4 Slide digital scan in a case of pulmonary nodular lymphoid 
hyperplasia. The lesion is relatively well-delimited, does not invade the 
pleura, and is centered around a bronchovascular bundle. This lesion is 
composed of numerous lymphoid follicles and eosinophilic interfollic-
ular areas containing plasma cells. (Courtesy of Dr. Susanne Jeffus and 
Dr. Miki Lindsey)

Fig. 15.5 Pulmonary nodular lymphoid hyperplasia (bottom) is well 
demarcated from the adjacent lung that shows chronic inflammation 
(top)

Fig. 15.6 Pulmonary nodular lymphoid hyperplasia is composed of 
reactive lymphoid follicles and interfollicular plasma cells and 
histiocytes

mass-forming lesion with well-defined borders comprised of 
reactive lymphoid follicles along a bronchovascular bundle 
(Figs. 15.4 and 15.5). The amount and size of follicles are 
variable, and they all contain germinal centers with polariza-
tion, tingible-body macrophages, and a mantle zone. The 
interfollicular areas may or may not contain abundant plasma 
cells and lymphocytes, or may show fibrosis with scant lym-
phoid cells (Fig.  15.6). Scattered histiocytes and/or multi-

nucleated giant cells may or may not be present. Effacement 
of the adjacent lung parenchyma or lymphoepithelial lesions 
are not seen. Subpleural lesions do not infiltrate the visceral 
pleura.

15 Pulmonary Lymphoproliferative Disorders
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a b

Fig. 15.7 Pulmonary nodular lymphoid hyperplasia. Immunohistochemistry for (a) CD3 and (b) CD20 shows adequate compartmentalization of 
T-cells and B-cells, respectively

 Immunohistochemistry and Other Ancillary 
Studies

Immunohistochemical stains are not usually required for 
diagnosis. However, core needle biopsies may benefit from 
CD3 and CD20 immunostains to determine the amount and 
distribution of T- and B-cells, respectively. Reactive follicles 
are positive for CD20, whereas the interfollicular areas and a 
few scattered cells within follicles are positive for CD3 [8] 
(Fig. 15.7). As in any other site, the reactive germinal centers 
in PNLH are positive for CD10 and bcl-6 and are negative 
for bcl-2, CD5, and cyclin D1. bcl-2 and CD5 show a similar 
pattern of distribution as CD3 with the difference that bcl-2 
also labels mantle zone B-cells. CD21, CD23, or CD35 high-
light preserved follicular dendritic cell (FDC) meshworks. 
The Ki-67 proliferation index is high in reactive germinal 
centers and low in interfollicular areas. The plasma cells in 
the interfollicular areas are polytypic by immunohistochem-
istry or by  in situ hybridization (ISH) (Fig. 15.8). By flow 
cytometry immunophenotyping, B-cells are polytypic with-
out co-expression of CD5 or CD10, plasma cells are also 
polytypic, and T-cells show normal antigen expression and a 
normal CD4:CD8 ratio of 3–4:1. One study has suggested 
that PNLH could represent a lesion within the spectrum of 
IgG4-related disease [10].

If IGH gene rearrangement is tested in a small lesion or a 
core biopsy, this study usually shows a polyclonal pattern. 
However, pathologists should be aware that the detection of 
a clone by this method does not necessarily translate into 

lymphoma since tissues with large reactive germinal centers, 
including PNLH, may occasionally show an oligoclonal or 
clonal pattern. Therefore, the interpretation of IGH gene 
rearrangement studies should always be done in correlation 
with the clinical presentation and the morphologic findings.

 Differential Diagnosis

PNLH should be distinguished from malignant lymphoid 
lesions forming a mass, particularly pulmonary MALT lym-
phoma and follicular lymphoma [8, 11–13] and from a nod-
ule of IgG4-related lung disease and as well as an 
intrapulmonary lymph node (see Table 15.1).

Pulmonary MALT lymphoma is a CD5-/CD10- B-cell 
lymphoma that forms a mass composed of reactive lymphoid 
follicles and abundant plasma cells, but in contrast to PNLH, 
MALT lymphoma effaces the lung architecture and shows 
ill-defined borders with the extension of lymphoma cells into 
adjacent alveolar interstitial spaces. Lymphoepithelial 
lesions, monocytoid cells, and “colonized” follicles are com-
mon. By immunohistochemistry, the normal expected distri-
bution of CD3 and CD20 is lost, and most of the lymphoid 
infiltrate consists of B-cells. A useful tool to recognize “col-
onized” follicles is the evaluation of CD21, CD23, and CD35 
to highlight disrupted FDC meshworks in pulmonary MALT 
lymphoma. FDC meshworks are typically preserved in 
PNLH. If flow cytometry immunophenotyping is performed, 
detection of monotypic CD5-/CD10- B-cells confirms lym-
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Table 15.1 Differential diagnosis of pulmonary nodular lymphoid 
hyperplasia

Pulmonary marginal zone lymphoma of the mucosa-associated 
lymphoid tissue
Pulmonary follicular lymphoma
IgG4-related lung disease, solid nodular growth
Intrapulmonary lymph node

a b

Fig. 15.8 Pulmonary nodular lymphoid hyperplasia, in situ hybridization for (a) kappa and (b) lambda light chains show polytypic plasma cells, 
with focal areas showing either a predominance for kappa or for lambda

phoma and rules out a reactive process. If abundant plasma 
cells are present, immunohistochemistry, ISH, and/or flow 
cytometry immunophenotyping can be used to confirm or 
not the presence of monotypic plasma cells. However, 
plasma cells are not always monotypic in MALT 
lymphoma.

Follicular lymphoma is exceedingly rare in the lung, and 
it does not typically present as a mass. However, if this is the 
case, follicular lymphoma can be distinguished from PNLH 
because the follicles in this lymphoma are back-to-back, lack 
polarization, and have attenuated mantle zones. In addition, 
the germinal centers are positive for bcl-2 that excludes a 
reactive process. If flow cytometry is performed, the detec-
tion of CD10+ monotypic B-cells supports follicular lym-
phoma and rules out PNLH.

The solid nodular pattern seen in some cases of IgG4- 
related lung disease may superficially resemble 
PNLH.  However, careful morphologic evaluation of 
lung lesions in IgG4-related disease usually shows absent or 
scant reactive follicles, and there is storiform fibrosis, 
increased plasma cells, and  a variable number of eosino-

phils. Obliterative phlebitis or vasculitis may not be present. 
In addition, there is a lymphoplasmacytic infiltrate with 
fibrosis that involves interlobular septa, bronchovascular 
bundles, and the visceral pleura; these are not features of 
PNLH. However, as mentioned above, a subset of cases of 
PNLH may be part of the spectrum of IgG4-related lung 
disease, and thus, immunohistochemistry for IgG and IgG4 
may be required in PNLH with abundant plasma cells.

PNLH may resemble an intraparenchymal lymph 
node; however, a lymph node has a capsule, a subcapsu-
lar sinus, and readily recognizable cortex, paracortex, 
and medullary regions. In addition, it is common to iden-
tify large collections of histiocytes laden with anthracotic 
pigment.

 Follicular Bronchiolitis

 Introduction

This is a reactive process with follicular hyperplasia of the 
BALT preferentially located around bronchioles and bron-
chial bifurcations. The pathogenesis of follicular bronchiol-
itis appears to be associated with persistent antigen 
stimulation and expansion of the BALT due to multiple 
underlying factors, including chronic inflammatory pro-
cesses, autoimmune disorders, and congenital or acquired 
immunodeficiencies. There is no apparent  association 
between follicular bronchiolitis and smoking.

15 Pulmonary Lymphoproliferative Disorders
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 Clinical Features

Follicular bronchiolitis is a disease that affects adults, usu-
ally men rather than women [14]. This disorder is extremely 
uncommon in children unless it develops in the setting of a 
congenital immunodeficiency. A large subset of patients has 
an underlying autoimmune disorder (rheumatoid arthritis, 
lupus erythematosus, Sjögren syndrome) or a congenital or 
acquired immunodeficiency.

Congenital disorders that have been associated with fol-
licular bronchiolitis include Wiskott–Aldrich syndrome, IgA 
deficiency, and common variable immunodeficiency (CVID), 
whereas acquired conditions include acquired immunodefi-
ciency syndrome (AIDS), other immunocompromised states, 
and connective tissue diseases [15]. Patients may present with 
dyspnea, nonproductive cough, and/or weight loss. Follicular 
bronchiolitis has a good to intermediate prognosis, but its 
progression to more severe disease depends on adequate con-
trol with steroids or immunomodulatory medications of the 
underlying immunologic disorder or autoimmune disease.

 Pathology

Lung specimens usually do not show significant gross find-
ings, as most lesions in follicular bronchiolitis are micro-
scopic, but occasionally small tan-white pin-point nodules 
may be recognized by a meticulous pathologist. 
Microscopically, this disease consists of multiple primary and 
secondary reactive lymphoid follicles eccentrically located 
around bronchioles and/or at bronchial bifurcations, as the 
name implies (Fig. 15.9). The amount of involvement is vari-
able from case to case but can usually seen throughout the 
lung parenchyma. The germinal centers of secondary follicles 
are polarized and contain tingible-body macrophages and a 
mantle zone. A few small lymphocytes can percolate into the 
immediate alveolar septa, but they do not extend beyond a 
few alveoli or become a diffuse infiltrate (Fig.  15.10). 
Bronchioles adjacent to a reactive follicle may show narrow-
ing or distortion of the lumen, but they are not effaced. A few 
intraepithelial lymphocytes may be seen, but lymphoepithe-
lial lesions are not identified. The histopathology of follicular 
bronchiolitis is always similar regardless of the etiology.

 Immunohistochemistry and Other Ancillary 
Studies

Immunohistochemical stains are not usually required for 
diagnosis. When the process is conspicuous and raises con-
cern for a neoplastic process, immunostains for CD3 and 
CD20 are useful to determine the amount and distribution of 
T- and B-cells, respectively. Reactive follicles are positive 

for CD20 with only a few scattered intrafollicular T-cells 
(Fig. 15.11). As in any other site, the reactive germinal cen-
ters in follicular bronchiolitis are positive for CD10 and 
bcl-6 and are negative for bcl-2, CD5, and cyclin D1. bcl-2 
and CD5 show a similar pattern of distribution as CD3 with 
the difference that bcl-2 is positive in mantle zone B-cells. 
CD21, CD23, or CD35 highlight preserved FDC mesh-

Fig. 15.9 Follicular bronchiolitis. Multiple reactive lymphoid follicles 
with a peribronchiolar distribution

Fig. 15.10 The reactive lymphoid follicles distort and extrinsically 
compress—but do not replace—the bronchiolar respiratory epithelium

S. Pina-Oviedo et al.
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Fig. 15.11 Follicular bronchiolitis. Immunohistochemistry for (a) CD3 and (b) CD20 shows adequate compartmentalization of T-cells and 
B-cells, respectively

works. The Ki-67 proliferation index is high in the reactive 
germinal centers. T-cells show a normal expression of T-cell 
markers with no aberrant loss of antigens. Flow cytometry is 
not typically performed in these cases as the  lesions are 
microscopic.

 Differential Diagnosis

Because reactive lymphoid follicles with the same pattern of 
distribution as seen in follicular bronchiolitis can be observed 
in subacute pneumonia, organizing pneumonia, abscess, 
granulomas, cavitation, primary or metastatic lung tumors, 
etc., this diagnosis should be made with caution and only 
suspected when areas distant from the pathologic process 
retain the presence of reactive lymphoid follicles around 
bronchioles. Clinical history and laboratory analysis are cru-
cial to exclude an underlying immunologic cause (congenital 
immunodeficiency, AIDS, positive rheumatoid factor, auto-
antibodies) as the potential reason for the development of 
follicular bronchiolitis.

Another differential diagnosis that may be considered is 
LIP. This disorder is characterized by the presence of diffuse 
interstitial infiltrates and not reactive lymphoid follicles 
located around bronchioles. Occasional lymphoid  aggre-
gates -but not well-formed secondary follicles- may be seen 
associated with cystic spaces, which is not a feature of fol-
licular bronchiolitis.  Given the characteristic morphologic 
distinction between LIP and follicular bronchiolitis, immu-
nohistochemistry is usually not required. If immunohisto-

chemistry is performed, LIP typically contains abundant 
B-cells that also extend into adjacent alveolar septa and there 
is no compartmentalization of CD3 and CD20 as seen in 
reactive lymphoid follicles.

Hypersensitivity pneumonitis (extrinsic allergic alveo-
litis) usually presents as a patchy interstitial infiltrate with 
bronchiolocentric distribution that may resemble follicular 
bronchiolitis. However, hypersensitivity pneumonitis is 
typically accompanied by loose granulomas that may or 
may not contain polarizable material as well as collections 
of alveolar macrophages. The clinical history in these 
cases is that of a prior exposure to a foreign antigen with 
secondary development of pulmonary histopathologic 
findings, which would not be expected in follicular 
bronchiolitis.

In rare instances, chronic lymphocytic leukemia/small 
lymphocytic lymphoma (CLL/SLL)—and even more rarely, 
other small B-cell lymphomas—may involve the lung and 
exhibit a bronchiolocentric pattern that may vaguely resem-
ble follicular bronchiolitis. However, the infiltrates in CLL/
SLL are made of monotonous lymphocytes with variable 
destruction of the bronchioles, there is a significant exten-
sion of the process into adjacent alveolar septa, and there are 
no reactive follicles. By immunohistochemistry, the lym-
phoma cells show aberrant expression of CD5, CD23, and 
bcl-2 and are negative for cyclin D1, and in the case that flow 
cytometry is performed, the B-cells are monotypic and 
 co- express CD5, CD23, and CD200. A summary of the dif-
ferential diagnosis of follicular bronchiolitis is listed in 
Table 15.2.

15 Pulmonary Lymphoproliferative Disorders
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Table 15.2 Differential diagnosis of follicular bronchiolitis

Any chronic inflammatory response in the lung parenchyma adjacent 
to:
   • Subacute/organizing pneumonia, abscess, aspiration
   • Granulomas, cavitation
   • Primary or metastatic lung tumor
Lymphoid interstitial pneumonia
Hypersensitivity pneumonitis (extrinsic allergic alveolitis)
Any low-grade B-cell lymphoma with bronchiolocentric pattern
   • Chronic lymphocytic leukemia/small lymphocytic lymphoma
   • Follicular lymphoma
   • Others (rare)

 Lymphoid Interstitial Pneumonia (LIP)/
Diffuse Lymphoid Hyperplasia

 Introduction

This rare disease was designated “diffuse pulmonary lym-
phoreticular infiltration associated with dysproteinemia” by 
Liebow and Carrington in 1973 [16]. LIP, as the disorder is 
still known today, consists of diffuse lymphoid infiltrates 
along the alveolar interstitial compartment of the lung. The 
pathogenesis of LIP appears to be related to alterations in 
processes of cellular-induced autoimmunity or perhaps to an 
underlying infection, likely a virus [17], and there is no asso-
ciation between LIP and smoking. Up to date, a definitive 
etiology of this disease remains unknown. There is signifi-
cant morphologic overlap between LIP and pulmonary 
MALT lymphoma, and sometimes the distinction of both is 
difficult and hinges on clinic- radiologic correlation and the 
results of ancillary studies.

 Clinical Features

Most affected individuals are adults around 40 to 60 years of 
age, and the disease appears to be more common in women. 
Children affected by LIP are usually HIV-positive or have an 
underlying immunodeficiency, namely CVID [18, 19]. The 
presence of an underlying autoimmune disorder or disorders 
that produce alterations in immune regulation has been 
described in association with LIP, with some of the most 
characteristic being Sjögren syndrome and Castleman disease 
[18, 20]. It is estimated that about 1% of patients with Sjögren 
syndrome have LIP and that 25% of adults with LIP have 
Sjögren syndrome [6]. Infections associated with LIP include 
Epstein–Barr virus (EBV), human herpesvirus-8 (HHV-8), 
and Mycoplasma pneumoniae [21, 22]. LIP may also develop 
as a complication of graft-versus-host disease in patients who 
have received a bone marrow transplant. LIP is considered an 
AIDS-defining disease in children under 13 years with AIDS 
[23]. About 60% of patients with LIP present with nonpro-

ductive cough and dyspnea, and some other patients may 
develop fever and weight loss. Similarly, about 60% of 
patients present with polyclonal hypergammaglobulinemia 
and dysproteinemia and only a small subset develops hypo-
globulinemia [6].

The prognosis of LIP varies from case to case. Some 
patients show complete resolution of symptoms after steroid 
treatment, while some others eventually die from complica-
tions of the underlying immunologic disease. A subset of 
patients can progress to end-stage lung disease, and these 
individuals have a poor outcome. Close to 5% of patients 
with LIP can develop pulmonary MALT lymphoma and less 
commonly pulmonary large B-cell lymphoma [23].

 Pathology

LIP is not usually recognized grossly, but in some cases a lobar 
ill-defined consolidation may be observed. When LIP pro-
gresses to end-stage lung disease, the gross features are similar 
to those seen in cases with pulmonary fibrosis (cobblestone 
pleura, subpleural cysts, honeycomb fibrosis). Microscopically, 
LIP consists of a diffuse lymphoid infiltrate within and expand-
ing the alveolar interstitial compartment (Fig.  15.12). The 
majority of lymphocytes are mature and small with a variable 
number of plasma cells and histiocytes (Fig. 15.13). The infil-
trate may be more prominent along bronchovascular bundles 
and lobular septa. Some cases may feature few lymphoepithe-
lial lesions and/or perivascular lymphoid aggregates, but no 
replacement of airways or angiodestruction is identified. 
Reactive lymphoid follicles and ill-defined granulomas with 
multinucleated giant cells and cholesterol clefts may or may 
not be present. Type 2 pneumocyte hyperplasia is commonly 
seen. The alveolar spaces can contain macrophages with foamy 
cytoplasm, multinucleated giant cells, and intraalveolar pro-
teinaceous material (Fig. 15.14). Acute inflammation, increased 
eosinophils, or necrosis is not identified. Cases that have pro-
gressed to end-stage disease show interstitial fibrosis, cyst for-
mation with variable amounts of lymphoid aggregates in the 
cysts walls, and honeycombing with varying numbers of back-
ground lymphocytes.

 Immunohistochemistry and Other Ancillary 
Studies

The lymphoid infiltrate in LIP is composed of a mixture of 
CD3+ T-cells and CD20+ B-cells, with predominance of 
the T-cells [17] (Fig. 15.15). If reactive lymphoid follicles 
are present, they have normal expression of CD20, CD10, 
bcl-6 and a negative bcl-2 in the germinal centers. In HIV- 
positive individuals, the CD4:CD8 ratio is inverted, and 
B-cells are increased, whereas cases of LIP from patients 
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Fig. 15.12 Lymphoid interstitial pneumonia. Numerous small lym-
phocytes expand the alveolar interstitium

Fig. 15.13 Lymphoid interstitial pneumonia. The alveolar space con-
tains a few foamy macrophages and proteinaceous eosinophilic 
material

Fig. 15.14 Small lymphocytes and occasional plasma cells expand the 
alveolar interstitium in lymphoid interstitial pneumonia

Fig. 15.15 Most lymphocytes in lymphoid interstitial pneumonia are 
T-cells, as shown with the CD3 immunostain

with other underlying conditions or with hypogammaglobu-
linemia have a normal to increased CD4:CD8 ratio and 
a variable number of B-cells [6]. Plasma cells are polytypic 
by immunohistochemistry and/or ISH. Some cases may be 
positive for HHV-8 or may show scattered small lympho-
cytes positive for EBER by ISH. By flow cytometry immu-

nophenotyping, B-cells are polytypic without co-expression 
of CD5 or CD10, plasma cells are also polytypic, and T-cells 
show normal antigen expression.

If IGH gene rearrangement is tested, this study usually 
demonstrates a polyclonal pattern. However, pathologists 
should be aware that detection of a clone by this method does 
not necessarily translate into lymphoma since reactive pro-

15 Pulmonary Lymphoproliferative Disorders
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cesses may show an oligoclonal or clonal pattern. Therefore, 
interpretation of IGH gene rearrangement studies should be 
always done in correlation with the clinical presentation and 
the morphologic findings.

 Differential Diagnosis

LIP should be distinguished from follicular bronchiolitis, 
hypersensitivity pneumonitis, pulmonary lymphoid pro-
cesses occurring in the setting of EBV infection, pulmonary 
MALT lymphoma, and pulmonary CLL/SLL. If LIP has pro-
gressed to interstitial fibrosis, the differential diagnosis 
includes an interstitial lung disease and distinction from a 
specific etiology may be extremely difficult unless a prior 
history of LIP is documented.

As mentioned in the corresponding section, follicular 
bronchiolitis consists of multiple primary and secondary 
reactive lymphoid follicles eccentrically located around 
bronchioles and/or at bronchial bifurcations, and although 
few small lymphocytes percolate into the immediate alveolar 
septa, these cells do not extend beyond few alveoli or become 
a diffuse interstitial infiltrate.

Hypersensitivity pneumonitis (extrinsic allergic alveo-
litis) usually presents as a patchy interstitial infiltrate with 
bronchiolocentric distribution rather than a diffuse lym-
phoid interstitial infiltrate as seen in LIP.  In addition, 
hypersensitivity pneumonitis is typically accompanied by 
loose granulomas that may or may not contain polarizable 
material as well as collections of alveolar macrophages. 
Although loose granulomas may be seen in LIP, they do 
not typically contain foreign material. The clinical history 
in cases of hypersensitivity pneumonitis is exposure to a 
foreign antigen with secondary development of the lung 
histopathologic findings, whereas in LIP there is usually a 
history of immunosuppression or an autoimmune 
disorder.

Although not typically biopsied unless the process is 
severe or shows significant findings on imaging, the pulmo-
nary involvement by infectious mononucleosis may resem-
ble LIP with a diffuse interstitial distribution. Nevertheless, 
the infiltrate in this EBV-related process is more  polymorphic 
(small lymphocytes, immunoblasts, Reed–Sternberg- like 
cells, plasma cells, occasional eosinophils) rather than the 
one seen in LIP (mostly small lymphocytes, variable amount 
of plasma cells and macrophages). EBER ISH is positive in 
both conditions. A recent clinical history more characteristic 
of infectious mononucleosis (pharyngitis, organomegalies, 
lymphadenopathy) may aid in this scenario.

Some authors consider that LIP is the precursor lesion of 
pulmonary MALT lymphoma [24, 25], and it is well described 
that a small subset of patients with LIP (~5%) can progress to 
pulmonary MALT lymphoma. Both lesions can show signifi-
cant overlap. However, features that favor  pulmonary MALT 
lymphoma over LIP include effacement of the architecture, 
nodules or sheets of lymphocytes and monocytoid lympho-
cytes, abundant lymphoepithelial lesions, increased mitoses, 
destruction of bronchial cartilage and invasion into visceral 
pleura. Regional lymph node involvement is practically diag-
nostic of lymphoma (see corresponding section). Although 
these previously described features are easily recognized in a 
lobectomy or wedge resection, this is not the case in a small 
biopsy where the distinction of these two lesions is more 
challenging. Imaging correlation is extremely useful to favor 
LIP over MALT lymphoma since the former presents as bilat-
eral lower lobe reticulonodular infiltrates and not as a mass 
with ill-defined borders as seen in the latter. Ancillary studies 
are also helpful. By immunohistochemistry, MALT lym-
phoma is composed predominantly of B-cells whereas the 
infiltrate in LIP is T-cell predominant. If flow cytometry is 
available, it shows polytypic B-cells and polytypic plasma 
cells in LIP whereas the detection of a monotypic CD5-/
CD10- B-cell population with/without monotypic plasma 
cells supports MALT lymphoma.

The pulmonary infiltrates in CLL/SLL may be some-
times indistinguishable from LIP, but they usually do not 
contain plasma cells. By immunohistochemistry, this B-cell 
lymphoma is positive for CD5 and CD23 and negative for 
cyclin D1, and in the case that flow cytometry is performed, 
B-cells are monotypic and co-express CD5, CD23, and 
CD200.

IGH gene rearrangement testing may be helpful to distin-
guish between LIP and B-cell lymphomas, but the presence 
of a polyclonal pattern does not exclude MALT lymphoma 
and detection of a small oligoclonal or monoclonal popula-
tion may occasionally be seen in LIP. Therefore, the interpre-
tation of IGH gene rearrangement should always be done in 
correlation with the clinico-radiologic presentation and the 
morphologic findings.

LIP that has progressed to interstitial fibrosis is extremely 
challenging and sometimes not possible to distinguish from 
other interstitial lung disorders, namely nonspecific intersti-
tial pneumonia and usual interstitial pneumonia. Correlation 
with clinical history, laboratory, and imaging findings is 
mandatory to suggest the possibility of LIP (history of con-
genital/acquired immunodeficiency or an autoimmune disor-
der, hypergammaglobulinemia, prior diagnosis of LIP). The 
differential diagnosis of LIP is summarized in Table 15.3.
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Table 15.3 Differential diagnosis of lymphoid interstitial pneumonia 
(LIP)

Follicular bronchiolitis
Hypersensitivity pneumonitis (extrinsic allergic alveolitis)
EBV pulmonary lymphoid infiltrates in infectious mononucleosis
Pulmonary marginal zone lymphoma of mucosa-associated 
lymphoid tissue
   • About 5% of cases of LIP can progress to marginal zone 

lymphoma
Chronic lymphocytic leukemia/small lymphocytic lymphoma with 
interstitial distribution
LIP with progression to interstitial fibrosis/end-stage lung disease
   • Nonspecific interstitial pneumonia
   • Usual interstitial pneumonia

Fig. 15.16 Digital scan  of IgG4-related lung disease (solid/nodular 
pattern). The nodules show bronchovascular and paraseptal 
distribution

 IgG4-Related Lung Disease (IgG4-RLD)

 Introduction

The first recognition of IgG4-related disease as a distinct 
entity occurred in the early 2000s by Hamano et al. [26] and 
Kamisawa et al. [27, 28] who reported cases of “autoimmune 
pancreatitis” with peculiar features and elevated IgG4 serum 
levels. Since then, the disease has been identified in virtually 
any organ, including the lung. IgG4-related disease is a sys-
temic fibroinflammatory condition with characteristic mass- 
forming lesions that are rich in IgG4+ plasma cells and 
fibrosis [29]. Pulmonary involvement has been recognized as 
part of systemic IgG4-related disease, whereas isolated lung 
involvement is exceedingly rare [30]. In addition, lesions 
well-recognized for many years in lung pathology, such as 
plasma cell granuloma/inflammatory pseudotumor, have 
been recognized as part of the spectrum of IgG4-RLD. The 
incidence of IgG-RLD is unknown. Lung involvement in the 
setting of systemic IgG4-related disease varies from study to 
study with percentages ranging from around 15% to up to 
50% [31].

 Clinical Features

IgG4-RLD occurs in adults (50–60 years), and it is more 
common in men [32]. Patients can present with cough, dys-
pnea, or chest pain with or without systemic symptoms [33]. 
No definitive association between IgG4-RLD and underly-
ing autoimmune disorders, immunodeficiency, or smoking 
has been demonstrated. Laboratory abnormalities include 
the detection of increased serum levels of IgG4 of >135 mg/
dL and increased serum IgE. Patients with IgG4-RLD usu-
ally have involvement by IgG4-related disease at other sites, 
and mediastinal involvement may present in the form of scle-
rosing mediastinitis (see the corresponding section). IgG4- 
RLD responds well to steroid treatment. Surgical resection 
may be performed for localized lung lesions, and they are 

sometimes resected because they mimic lung cancer or a 
metastasis. The prognosis of IgG4-related disease depends 
on the recognition of this disorder in its early phase [32]. 
Without treatment, the disease can progress to full systemic 
disease with high co-morbidity or even death.

 Pathology

Lung involvement consists of a lymphoplasmacytic infil-
trate with fibrosis that involves interlobular septa, broncho-
vascular bundles, and the visceral pleura [31, 33], and 
several patterns have been described, including solid nodu-
lar, bronchovascular, alveolar interstitial, pleural, and air-
way distributed patterns (Figs.  15.16, 15.17, 15.18 and 
15.19). The morphologic triad of IgG4-related disease 
includes (1) fibrosis with storiform or concentric arrange-
ment, (2) increased lymphoplasmacytic infiltrate, and (3) 
obliterative phlebitis [34]. Additional findings include the 
presence of eosinophils, necrotizing arteritis, and phlebitis 
without vascular obliteration (Fig. 15.20). A combination of 
these  patterns may be seen in the same case. Although these 
findings are suggestive of IgG4-RLD, they are not entirely 
specific as they may be seen in other pulmonary inflamma-
tory processes (see differential diagnosis). Some cases may 

15 Pulmonary Lymphoproliferative Disorders



488

Fig. 15.17 Edge of a nodule of IgG4-related lung disease. There is a 
distortion of the lung architecture with numerous plasma cells and few 
lymphoid aggregates

Fig. 15.18 Visceral pleura with aggregates of plasma cells and fibro-
sclerosis in IgG4-related lung disease

Fig. 15.19 IgG4-related lung disease. The lung parenchyma is 
replaced by aggregates of plasma cells, occasional eosinophils, and 
fibrosis. A few Russell bodies (top, right) and residual small airways are 
seen (center and bottom)

Fig. 15.20 Fibrosclerosis and numerous plasma cells in IgG4-related 
lung disease
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Fig. 15.21 IgG4-related lung disease. (a) IgG and (b) IgG4 immunohistochemistry. By in situ hybridization, the plasma cells are polytypic for 
(c) kappa and (d) lambda

exhibit areas resembling interstitial lung disease, namely 
cellular nonspecific interstitial pneumonia. One study sug-
gests that transbronchial biopsies may be potentially diag-
nostic of IG4-RLD [35].

 Immunohistochemistry and Other Ancillary 
Studies

Immunohistochemistry for IgG and IgG4 is mandatory to 
establish the diagnosis (Fig. 15.21). According to the 2012 

consensus criteria for IgG-related disease, lung involvement 
should specifically show >50 IgG4+ plasma cells/high power 
field (HPF) in surgical specimens and >20 IgG4+ plasma 
cells/HPF in biopsies, and the IgG4/IgG ratio should always 
be >40% [34]. By definition, immunohistochemistry or ISH 
studies for kappa and lambda light chains always show poly-
typic plasma cells (Fig. 15.21). CD3 and CD20 immunos-
tains highlight interspersed T-cells and B-cells, respectively, 
with a predominance of T-cells. B-cells are polytypic by flow 
cytometry immunophenotyping. The diagnostic criteria of 
IgG4-RLD are listed in Table 15.4.
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Table 15.5 Differential diagnosis of IgG4-related lung disease

Lung conditions that may be accompanied by increased IgG4+ 
plasma cells
   • Non-specific interstitial pneumonia, idiopathic
   • Usual interstitial pneumonia
   • Necrotizing granulomatous inflammation
   • Collagen vascular diseases
   • Inflammatory reaction around a lung mass (benign or malignant)
Pulmonary nodular lymphoid hyperplasia (although a subset of cases 
may form part of the spectrum of IgG4-related lung disease)
Pulmonary marginal zone lymphoma of the mucosa-associated 
lymphoid tissue with extensive plasmacytic differentiation
Idiopathic multicentric Castleman disease with lung involvement

Table 15.4 Diagnostic criteria of IgG4-related lung disease

Morphologic
   (1) Fibrosis with storiform or concentric arrangement
   (2) Increased lymphoplasmacytic infiltrate
   (3) Obliterative phlebitis (not always)
   • May be present but not required: eosinophils, necrotizing 

arteritis, phlebitis without obliteration
Immunohistochemistry
 >50 IgG4+ plasma cells/high power field in a surgical resection
 >20 IgG4+ plasma cells/high power field in a biopsy
 IgG4/IgG ratio should always be >40%

 Differential Diagnosis

A combined clinical, laboratory, morphologic, and immuno-
histochemical scoring is used to classify a case as “possible”, 
“probable”, and “definitive” IgG4-related disease and this 
applies to all organs involved [34]. Regardless of the loca-
tion, the IgG4/IgG ratio should always be >40% [34].

IgG4-RLD can present with a wide variety of morpho-
logic patterns and therefore a high level of suspicion for this 
disease is required to avoid missing the diagnosis [36]. 
Features that militate against IgG4-RLD include the pres-
ence of sarcoid-type granulomas and necrotizing vasculitis. 
The detection of increased IgG4+ plasma cells is mandatory, 
but pathologists should be aware that this feature is not spe-
cific to this disorder and many other entities may be accom-
panied by increased IgG4+ plasma cells, namely idiopathic 
nonspecific interstitial pneumonia, usual interstitial pneumo-
nia, necrotizing granulomatous inflammation, and collagen 
vascular diseases [31, 37]. Clinical and laboratory correla-
tion is required to determine the origin of a plasma cell-rich 
inflammatory lung lesion and rule in or rule out the diagnos-
tic possibility of IgG4-RLD.  Similarly, secondary vs. pri-
mary lung involvement by IgG4-related disease can only be 
established by clinical and radiologic correlation. 
Interestingly, one study has suggested that PNLH could rep-
resent a lesion within the spectrum of IgG4-related disease 
[10].

Increased IgG4+ plasma cells are not uncommonly seen 
around primary or metastatic tumors in any organ including 
the lung, and this should be taken in consideration when a 
biopsy of a mass suspicious for malignancy demonstrates 
increased IgG4+ plasma cells and fibrosis, which could well 

represent the capsule or the peripheral inflammatory reaction 
to a tumor. One of the authors (S.P.O) has seen core biopsies 
of lung masses that have been diagnosed as “probable” 
IgG4-RLD with hyalinized tissue and moderately increased 
IgG4+ plasma cells only to find out on a subsequent resec-
tion that the findings in the biopsy corresponded to the edge 
of a pulmonary hyalinizing granuloma.

Pulmonary MALT lymphoma with extensive plasmacytic 
differentiation is distinguished from IgG4-RLD with a solid/
nodular pattern by the detection of IgG4+ polytypic plasma 
cells. However, not all cases of MALT lymphoma contain a 
monotypic plasma cell component. Features that favor pul-
monary MALT lymphoma over tumefactive IgG4-RLD 
include effacement of the architecture, nodules or sheets of 
lymphocytes and monocytoid lymphocytes, abundant lym-
phoepithelial lesions, and invasion of bronchial cartilage and 
of the visceral pleura.

Idiopathic multicentric (plasma cell-rich) Castleman dis-
ease may occasionally involve the lung, and it significantly 
overlaps with IgG4-RLD by morphology and pattern of dis-
tribution. A recent study suggests that a low IgG4/IgG ratio, 
a decreased eosinophil count, an IgA-positive cell count, and 
increased expression of interleukin-6 support lung involve-
ment by multicentric Castleman disease over IgG4-RLD 
[38]. The differential diagnosis of IgG4-RLD is summarized 
in Table 15.5.

The clinicopathologic features of the different types of 
pulmonary reactive lymphoid disorders and their compari-
son to pulmonary MALT lymphoma are summarized in 
Table 15.6.
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Table 15.6 Differential diagnosis of reactive lymphoid lesions of the lung and pulmonary MALT lymphoma

Follicular 
bronchiolitis

Pulmonary nodular 
lymphoid hyperplasia

Lymphoid interstitial 
pneumonia

IgG4-related lung 
disease
(IgG4-RLD)

Pulmonary MALT 
lymphoma

Clinical features
Age group Adults > children Adults > children Adults = children Adults > children Adults > children
Gender Slight male 

predominance
Slight male 
predominance

F > M M > F Slight female 
predominance

Associated autoimmune 
disorder, 
immunodeficiency, or 
HIV infection

Yes No Yes No Yes, ~30% of patients

Other infectious agents No No EBV, HHV-8, 
Mycoplasma

No Not clear; subset of 
cases might be 
associated with 
Achromobacter 
xylosoxidans infection

Extrapulmonary disease No No No Common Sometimes, gastric or 
salivary gland MALT 
lymphoma

Progression to lymphoma No No Yes, 5% to pulmonary 
MALT lymphoma

No N/A

Imaging
Localized mass No Yes No Uncommon Yes
Ground-glass opacities Yes No Yes Yes, but more 

common as multiple 
nodules

Sometimes at the 
periphery of the tumor

Histopathology
Localized mass No Yes No Uncommon Yes
Diffuse/interstitial No No Yes Yes, along with 

multiple nodules
May be at the periphery 
or mass

Lymphoid follicles with 
reactive germinal centers

Yes, 
peribronchiolar 
distribution

Yes, forming a mass 
with/without 
interfollicular fibrosis

May be present, but 
not prominent

May be present, but 
not prominent

Yes, but may be absent

Follicular “colonization”
(disrupted FDC 
meshworks)

No No No No Yes, highlighted by 
CD21, CD23, or CD35

Plasma cells Not prominent Yes, interfollicular 
areas

Variable, usually not 
prominent

Prominent Variable, some cases 
with extensive 
plasmacytic 
differentiation

Increased IgG4+ plasma 
cells

No Variable
Positive cases may 
belong to Ig4-RLD

No Yes No
Only rarely MALT 
lymphomas are IgG4+

Monocytoid B-cells and 
lymphoepithelial lesions

No No No
Only rarely few 
lymphoepithelial 
lesions may be seen

No Yes

Type of interstitial 
lymphoid infiltrate

N/A N/A T-cells
Occasionally >B-cells 
(if HIV+)

T-cells B-cells

Light chain restriction 
(IHC, ISH, FC)

No No No No Yes

Clonal IGH gene 
rearrangement

No No No No Yes, some cases may be 
negative

MALT mucosa-associated lymphoid tissue, HIV human immunodeficiency virus, EBV Epstein–Barr virus, HHV-8 human herpesvirus-8, FDC fol-
licular dendritic cell, IHC immunohistochemistry, ISH in situ hybridization, FC flow cytometry, IGH immunoglobulin heavy chain gene
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 Malignant Lymphoproliferative Disorders 
and Other Hematopoietic Disorders 
of the Lung

 Introduction

Malignant hematolymphoid disorders of the lung are rare. 
They include cases of non-Hodgkin lymphoma (B and T), 
classic Hodgkin lymphoma, and myeloid sarcoma/acute 
myeloid leukemia [12]. Secondary involvement by systemic 
disease is much more common than primary lung disease. 
Therefore, the definition of a hematopoietic lung neoplasm 
as primary or secondary relies on a prior positive or negative 
history of lymphoma or leukemia. The radiologic findings in 
these disorders vary according to the subtype of hematopoi-
etic neoplasm, and by imaging none of them can be distin-
guished from more common pulmonary diseases, namely 
lobar pneumonia, tuberculosis, primary lung carcinoma, or 
metastatic disease [39, 40]. Ultimately, the diagnosis requires 
histopathologic confirmation.

Primary lung lymphomas comprise <1% of all primary 
lung tumors and <5% of all extranodal lymphomas [41]. They 
are defined as lymphomatous involvement of the lung and/or 
hilar lymph nodes without evidence of systemic disease at the 
time of diagnosis or 3 months thereafter. In general, patients 
with primary lung lymphoma are adults (median age 60 years), 
although some cases may occur in younger individuals with an 
underlying immunodeficiency or autoimmune disorder [6]. 
Non-Hodgkin lymphomas of B-cell origin include pulmonary 
marginal zone lymphoma of the mucosa-associated lymphoid 
tissue (pulmonary MALT lymphoma), pulmonary diffuse 
large B-cell lymphoma (DLBCL), intravascular LBCL, lym-
phomatoid granulomatosis (LYG), pulmonary plasmacytoma, 
and other small B-cell lymphomas. MALT lymphoma and 
DLBCL alone comprise >95% of cases. Pulmonary T-cell 
lymphomas include anaplastic large cell lymphoma (ALCL) 
and peripheral T-cell lymphoma, not otherwise specified 
(PTCL, NOS). Pulmonary classic Hodgkin lymphoma (CHL) 
is very rare, and in most situations, lung involvement repre-
sents extension of mediastinal CHL to the lung. Acute myeloid 
leukemia may present as a mass (pulmonary myeloid sar-
coma), as a multifocal process, or as diffuse reticulonodular 
infiltrates. Histiocytic disorders can also affect the lung with 
some of the most representative lesions described at the end of 
this section. Table 15.7 summarizes the malignant hematopoi-
etic tumors of the lung.

Common imaging patterns of pulmonary lymphomas 
include nodular (i.e., nodules and masses), pneumonic- 
alveolar (i.e., consolidative opacities, often with air bron-
chograms), and bronchovascular-lymphangitic (i.e., 
thickening of bronchovascular bundles and interlobular 
septa) [42–44]. Lymphomatous nodules can be single or 
multiple, tend to be round or oval with ill-defined margins, 
and more commonly involve the lower lobes [42] 
(Fig. 15.22). They may contain air bronchograms, cavitate, 
and traverse interlobar fissures. The pneumonic-alveolar 
pattern is indistinguishable from pneumonia and may be 
segmental, lobar, unilateral, or bilateral [42] (Fig. 15.23). 
The bronchovascular-lymphangitic pattern mimics lym-
phangitic carcinomatosis and, when extensive, can mimic 
bronchopneumonia [42] (Fig. 15.24).

Even though the diagnosis of most of these lesions can be 
accomplished without difficulty in a wedge resection or par-
tial pneumonectomy, this may not be the case in a core nee-
dle biopsy or in specimens with a significant cellular artifact. 
Therefore, in these instances, the diagnosis of a malignant 
hematolymphoid disorder benefits substantially from addi-
tional ancillary tests, namely immunohistochemistry, flow 
cytometry immunophenotyping, and cytogenetic and/or 
molecular analysis.

Table 15.7 Malignant hematopoietic tumors of the lung

Lymphoid
Non-Hodgkin of B-cell origin
   •  Marginal zone lymphoma of the mucosa-associated lymphoid 

tissue
   • Diffuse large B-cell lymphoma
   • Intravascular large B-cell lymphoma
   • Lymphomatoid granulomatosis
   • Plasmacytoma
   •  Other small B-cell lymphomas: chronic lymphocytic leukemia/

small lymphocytic lymphoma, mantle cell lymphoma, follicular 
lymphoma, lymphoplasmacytic lymphoma

Non-Hodgkin of T-cell origin
   • Anaplastic large cell lymphoma
   • Peripheral T-cell lymphoma, not otherwise specified
   •  Others: angioimmunoblastic T-cell lymphoma, extranodal 

NK/T-cell lymphoma, “visceral” mycoses fungoides
Classic Hodgkin lymphoma
   • Most common subtypes: nodular sclerosis and mixed cellularity

Myeloid
   • Acute myeloid leukemia/myeloid sarcoma
Histiocytic
   • Langerhans cell histiocytosis
   • Extranodal Rosai–Dorfman disease
   • Erdheim–Chester disease
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Fig. 15.22 Lymphoma—nodular pattern. CT shows a right lower lobe 
mass (black arrow) and left lower lobe nodules (white arrows)

Fig. 15.23 Lymphoma—pneumonic-alveolar pattern. CT shows air-
space consolidation (arrows) with air bronchograms in the right lung

Fig. 15.24 Lymphoma—bronchovascular-lymphangitic pattern. CT 
shows diffuse bilateral interlobular septal thickening as well as peri-
bronchovascular thickening in the right lower lobe

 Pulmonary Non-Hodgkin Lymphomas 
of B-Cell Origin

 Pulmonary Marginal Zone Lymphoma 
of the Mucosa-Associated Lymphoid Tissue 
(Pulmonary MALT Lymphoma)

 Introduction
Extranodal marginal zone lymphoma/MALT lymphoma was 
originally described in 1983 by Isaacson and Wright as a 
low-grade lymphoma that involved the gastrointestinal tract 
[45]. The term MALT was coined due to its morphologic 
resemblance to “normal” MALT, namely Peyer patches and 
the Waldeyer ring. Since then, MALT lymphoma has been 
recognized in several other organs, including the lung. It is 
hypothesized that pulmonary MALT lymphoma develops 
from persistent antigenic exposure (inflammatory, infec-
tious, autoimmune) resulting in a chronically stimulated 
BALT that eventually transforms into a clonal process [46] 
(Fig. 15.25).

MALT lymphoma is the most common primary pulmo-
nary lymphoma (about 80% of cases) and about 8% of all 
extranodal MALT lymphomas [41, 47]. The association 

15 Pulmonary Lymphoproliferative Disorders



494

Fig. 15.25 Pathogenesis of pulmonary marginal zone lymphoma 
(MZL) of mucosa-associated lymphoid tissue (MALT lymphoma). In 
normal conditions, the bronchial-associated lymphoid tissue (BALT) is 
not conspicuous, also referred to as “resting” BALT.  After chronic 
exposure to antigens or after a persistent chronic inflammatory response 
(highlighted in yellow), the BALT proliferates and expands in the form 
of secondary lymphoid follicles with germinal centers, plasma cells, 
and other inflammatory cells. If the antigenic stimulus is removed or 
reduced, the BALT may likely return to a “resting” state (light brown 

arrow). However, if the antigenic stimulus persists, the BALT can even-
tually proliferate independently from this stimulus and turn into a 
clonal process. Cytogenetic abnormalities may or may not develop at 
this point or perhaps at earlier stages. On the other hand, a small subset 
of cases of lymphoid interstitial pneumonia (LIP) can progress to pul-
monary MALT lymphoma. It is possible that the same pathogenetic 
mechanisms mentioned above may play a role in the development of 
pulmonary lymphoma in the setting of LIP. (t(14;18)(q32;q21) refers to 
IGH-MALT1 gene rearrangement, not IGH-BCL2)

between Achromobacter xylosoxidans chronic lung infection 
and pulmonary MALT lymphoma  is controversial and 
requires further study.

 Clinical Features
Pulmonary MALT lymphoma occurs primarily in adults 
(median age 68 years), and it is slightly more frequent in 
women than men [44]. Younger patients are usually immuno-
suppressed, likely due to HIV infection, post-allogeneic trans-
plantation, or a congenital immunodeficiency. A third of 
patients have an underlying autoimmune disease, namely 
rheumatoid arthritis, systemic lupus erythematosus, or Sjögren 
syndrome. Up to 30% of patients are asymptomatic, whereas 
the remaining two-thirds may have nonspecific symptoms, 

such as fever and malaise, along with cough, dyspnea, chest 
pain, or hemoptysis [48–53]. The initial clinical presentation 
usually suggests a pneumonic process, but the clinical symp-
toms persist despite antibiotic treatment. Laboratory abnor-
malities are nonspecific, and up to 40% of patients may 
develop a serum M-protein. Concurrent involvement may be 
observed in mediastinal/hilar lymph nodes. Progression to 
large cell lymphoma occurs in about 10% of patients.

The prognosis of pulmonary MALT lymphoma is good, 
with survival rates of 90% and 70% at 5 years and 10 years, 
respectively [51, 52, 54, 55]. According to a recent study 
from China evaluating 90 cases of primary pulmonary lym-
phoma (56% of cases were MALT lymphoma), age above 
60  years, elevated serum LDH and beta-2 microglobulin, 
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Fig. 15.26 MALT lymphoma. (a) CT shows a part-solid nodule (arrow) in the right lower lobe; (b) PET/CT shows the nodule (arrow) is not 
FDG-avid

clinical stage II2E or higher, and nonsurgical treatment were 
associated with poor prognosis [53]. Pulmonary MALT lym-
phoma may be followed by observation, but in some instances 
surgical excision or single agent/rituximab chemotherapy 
may be required depending on the extension of the disease, 
its location within the lung, and the presence/absence of 
regional lymphadenopathy [39, 50, 54, 55].

 Diagnostic Imaging
MALT lymphoma in the lung has a wide variety of manifesta-
tions on CT [43, 56–58]. Bae and colleagues described the 
following four patterns on CT in their review of 21 patients 
with pulmonary MALT lymphoma: single nodular or consoli-
dative; multinodular or consolidative (lesions distributed 
along bronchovascular bundles or subpleural regions); bron-
chiectasis and bronchiolitis (tree-in-bud pattern of abnormal-
ity with bronchiectasis); and diffuse interstitial lung disease 
(patchy areas of ground-glass opacity distributed in the sub-
pleural lungs with lower lung zone predominance) [57]. 
Single or multiple nodules or consolidative opacities are the 
most common patterns (>70%), and lesions tend to be multi-
ple and bilateral (>70%) and peribronchovascular [43]. 
Peribronchovascular opacities are commonly associated with 
bronchial dilatation [43]. Hilar and/or mediastinal lymphade-
nopathy is present in approximately 30% of cases [43]. 
MALT lymphoma lesions, because they are typically low-
grade with mild metabolic activity, usually have only low-
grade or no FDG uptake on PET/CT [59] (Fig. 15.26a, b).

 Pathology
Sampling of a lung lesion is usually accomplished via an 
imaging-guided needle biopsy or a transbronchial biopsy, 
and the diagnosis is established either in a cytology speci-
men, a core-needle biopsy, or a transbronchial biopsy. If the 
diagnosis of pulmonary lymphoma is rendered in any of 
these specimens, then a wedge resection or a lobectomy is 
not performed. However, a resection may still be done when 
a biopsy is inconclusive for diagnosis.

Grossly, pulmonary MALT lymphoma is described as a 
tan-white mass with relatively well-delimited borders and 
peripheral consolidation. Residual entrapped airways 
within the mass correspond to the air bronchograms 
observed on imaging. Necrosis is uncommon. If the tumor 
involves the pleura, it occurs in the form of a tan-white 
thickened plaque or as multiple pleural nodules. On micro-
scopic examination, pulmonary MALT lymphoma consists 
of sheets of small lymphocytes and monocytoid lympho-
cytes with diffuse effacement of the architecture 
(Fig. 15.27a, b). The center of the tumor tends to be scle-
rotic, and residual bronchial cartilage and “ghosts” of 
smaller airways are frequently seen (Fig.  15.28). The 
periphery of the tumor is relatively well- delimited with 
lymphomatous extension into the adjacent lung in a lym-
phangitic pattern or through alveolar interstitial spaces 
mimicking LIP (Fig. 15.29). Bronchi and bronchioles that 
are apart from the epicenter of the tumor may contain 
small collections of lymphocytes that resemble hyperplas-
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Fig. 15.27 (a) Pulmonary MALT lymphoma diffusely infiltrating 
bronchial submucosa, and (b) effacement of the lung architecture by 
MALT lymphoma. The elongated pale structures to the right are resid-

ual bronchioles distorted by numerous intraepithelial lymphocytes 
(lymphoepithelial lesions)

Fig. 15.28 Pulmonary MALT lymphoma with areas of sclerosis Fig. 15.29 The periphery of pulmonary MALT lymphoma can show 
interstitial expansion by numerous lymphoma cells, mimicking the pat-
tern seen in lymphoid interstitial pneumonia
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tic BALT (Fig.  15.30). Most lymphoma cells are small, 
and there is a variable proportion of monocytoid lympho-
cytes and centrocyte-like cells (cells with cleaved nucleus, 
moderately condensed chromatin and inconspicuous 

nucleolus) [60, 61]. A few scattered large immunoblast-
like cells may or may not be present (Fig.  15.31a, b). 
Likewise, plasmacytoid lymphocytes and plasma cells are 
variably seen, with some cases showing extensive plasma-
cytic differentiation. Lymphoepithelial lesions are seen in 
the respiratory epithelium of bronchi or bronchioles as 
well as in alveoli (Fig. 15.32a, b). Reactive lymphoid fol-
licles may or may not be present, and they may be colo-
nized by lymphoma cells with distortion of the germinal 
center morphology (no polarization or tingible-body mac-
rophages) (Fig.  15.33). Neither necrosis nor significant 
increase in large cells are seen. Additional findings that 
may be observed in pulmonary MALT lymphoma include 
epithelioid granulomas  (sometimes prominent enough to 
obscure the lymphomatous component), multinucleated 
cells associated with cholesterol clefts, and amyloid depo-
sition within or at the periphery the tumor. The adjacent 
uninvolved lung or partially replaced areas contain abun-
dant alveolar macrophages with foamy cytoplasm, multi-
nucleated giant cells, intraalveolar proteinaceous material 
(Fig. 15.34), and/or large lamellar bodies (rings of eosino-
philic material made of surfactant protein) [6, 51, 60]. 
When the visceral pleura is involved, the lymphoma cells 
percolate into the mesothelium without breaking through 
the pleura and they tend to form polypoid structures [48] 
(Fig. 15.35). Rarely, pulmonary MALT lymphoma may be 
associated with crystal- storing histiocytosis [62] 
(Fig. 15.36).

Fig. 15.30 The bronchus is apart from the areas of lymphoma but 
shows a neoplastic lymphoid aggregate mimicking bronchial- associated 
lymphoid tissue (BALT)

a b

Fig. 15.31 (a–b) Pulmonary MALT lymphoma is composed of sheets of small lymphocytes, centrocyte-like cells, monocytoid cells, and scattered 
large immunoblast-like cells with prominent nucleolus (bottom, right; in both panels)
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Fig. 15.32 (a) Lymphoepithelial lesion in a large bronchus with marked distortion of the epithelium, and (b) lymphoepithelial lesion with only 
partial distortion of the respiratory epithelium

Fig. 15.33 Follicular colonization. The lymphoid follicle is almost 
entirely replaced by lymphoma cells with monocytoid morphology. The 
central darker area corresponds to the residual germinal center

Fig. 15.34 Areas at the periphery of pulmonary MALT lymphoma 
may show a pattern identical to that of lymphoid interstitial pneumonia 
and may contain abundant intraalveolar macrophages with foamy cyto-
plasm and proteinaceous eosinophilic material
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Fig. 15.35 Pulmonary MALT lymphoma involving visceral pleura as 
characteristic nodular structures grossly seen as tan-white pleural 
nodules

Fig. 15.36 Crystal-storing histiocytosis in a case of pulmonary MALT 
lymphoma with extensive plasmacytic differentiation. Only a few resid-
ual plasma cells are seen in this field

 Immunohistochemistry and Other Ancillary 
Studies
MALT lymphoma is a CD5-/CD10- B-cell lymphoma 
(CD20+/PAX5+). The neoplastic B-cells co-express bcl-2 
and in some cases also CD43. The lymphoma cells are nega-

tive for T-cell markers, CD23, bcl-6, LMO2, LEF1, and 
cyclin D1 (Fig.  15.37a–e). Extranodal MALT lymphomas 
are positive for MNDA (myeloid nuclear differentiation anti-
gen) and IRTA-1 (immunoglobulin superfamily receptor 
translocation-associated 1), and these markers are usually 
positive in lymphoma cells in and around lymphoepithelial 
lesions [63, 64]. Plasma cells are positive for CD138 and 
MUM1, and light chain restriction may or may not be 
detected (usually seen in cases with extensive plasmacytic 
differentiation) (Fig. 15.38). Residual germinal centers are 
positive for CD10 and bcl-6, and the FDC markers CD21, 
CD23, and/or CD35 are useful to highlight disrupted FDC 
meshworks of colonized follicles (Fig. 15.39). CD20 high-
lights lymphoepithelial lesions while pan-cytokeratin deco-
rates residual disrupted bronchial or alveolar epithelium 
(Fig. 15.40). MALT lymphoma has a low Ki-67 proliferation 
index (<30%). A high Ki-67 is only seen in residual reactive 
germinal centers. If flow cytometry is performed, there is a 
population of CD5-/CD10- monotypic B-cells, and a mono-
typic population of plasma cells (with identical light chain as 
that of the B-cells) may or may not be detected.

 Differential Diagnosis
Pulmonary MALT lymphoma needs to be distinguished from 
reactive pulmonary lymphoid conditions, such as PNLH and 
LIP, as well as from other small B-cell lymphomas, namely 
CLL/SLL, mantle cell lymphoma, and follicular lymphoma 
involving the lung.

Although PNLH and LIP may not pose a significant chal-
lenge for diagnosis in a resection, their distinction from pul-
monary MALT lymphoma may be difficult in a core needle 
biopsy. On imaging, both PNLH and pulmonary MALT lym-
phoma present as a mass. Histologically, PNLH consists of a 
nodule or mass-forming lesion made of reactive lymphoid 
follicles with well-defined borders. All follicles contain ger-
minal centers with polarization, tingible-body macrophages, 
and mantle zones, and there is no follicular colonization. 
Sheets of monocytoid lymphocytes or centrocyte-like cells 
are not seen. The interfollicular areas may or may not con-
tain plasma cells or may show fibrosis. Effacement of the 
adjacent lung parenchyma and lymphoepithelial lesions are 
not seen, and peripheral lesions do not infiltrate the visceral 
pleura. By immunohistochemistry, B-cells do not show co- 
expression of CD43 and bcl-2, and FDC markers highlight 
normal FDC meshworks. B-cells and plasma cells are always 
polytypic. If IGH gene rearrangement prophile is performed 
in a small lesion or a core biopsy, this study usually shows a 
polyclonal pattern. However, pathologists should be aware 
that the detection of a clone by this method does not neces-
sarily translate into lymphoma since tissues with large reac-
tive germinal centers, including PNLH, may occasionally 
show an oligoclonal or clonal pattern. Therefore, the inter-
pretation of IGH gene rearrangement should always be done 
in correlation with the clinical presentation and the morpho-
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c d

Fig. 15.37 (a) Pulmonary MALT lymphoma, CD3 immunostain, (b) 
pulmonary MALT lymphoma with numerous intraepithelial lympho-
cytes (lymphoepithelial lesion), CD20 immunostain, (c) pulmonary 
MALT lymphoma, CD20 immunostain, (d) pulmonary MALT lym-
phoma with numerous intraepithelial lymphocytes (lymphoepithelial 
lesion); immunohistochemistry for CD43. Co-expression of this T-cell 

marker is seen in 30–40% of cases of MALT lymphoma. (e) pulmonary 
MALT lymphoma with numerous intraepithelial lymphocytes (lympho-
epithelial lesion). Immunostain for cyclin D1 is negative in the lym-
phoma cells and positive in residual entrapped epithelial cells and 
stromal cells
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e

Fig. 15.37 (continued)

logic findings. Fluorescence in situ hybridization (FISH) 
analysis is negative for t(11;18), which may be detected in 
about 30–40% of pulmonary MALT lymphomas.

Some authors consider that LIP is the precursor lesion of 
pulmonary MALT lymphoma [24, 25] and it is well described 
that a small subset of patients with LIP (~5%) can progress 
to pulmonary MALT lymphoma. On imaging, however, LIP 
presents as bilateral reticular infiltrates and not as a mass. 

Histologically, both lesions can show significant overlap and 
the edges of a pulmonary MALT lymphoma can have a pat-
tern identical to LIP.  Despite the presence of few 
 lymphoepithelial lesions and/or perivascular lymphoid 
aggregates, in LIP there is no replacement of the architec-
ture. In addition, the lymphoid infiltrate consists mostly of 
T-cells [17] rather than B-cells as seen in pulmonary MALT 
lymphoma. In a small biopsy, the diagnosis may be challeng-

a b

Fig. 15.38 Pulmonary MALT lymphoma. In situ hybridization shows areas with restricted plasma cells, positive for (a) kappa light chain and 
negative for (b) lambda light chain

Fig. 15.39 The CD21 immunostain highlights residual/distorted fol-
licular dendritic cell meshworks
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Fig. 15.40 Alveolar lymphoepithelial lesions, CD20 immunostain Fig. 15.41 Pulmonary MALT lymphoma with “increased large cells”

ing and determination of light chain restriction by flow 
cytometry and/or clonality by molecular studies may be the 
only source to favor one diagnosis over the other, but this is 
not always possible.

The distinction between pulmonary MALT lymphoma and 
other pulmonary small B-cell lymphomas is done by morphol-
ogy and immunohistochemistry and/or flow cytometry. 
Importantly, other small B-cell lymphomas only occur exceed-
ingly rare in the lung as a primary disease. CLL/SLL is com-
posed of sheets of monotonous small lymphocytes with clumped 
chromatin and scattered pale areas known as proliferation cen-
ters containing prolymphocytes and paraimmunoblasts. CLL/
SLL is positive for CD20, CD5, CD23, and LEF1 and negative 
for CD10, bcl-6, and cyclin D1. Mantle cell lymphoma is com-
posed of monotonous small lymphocytes with a cleaved nucleus 
that resemble centrocyte- like cells. This lymphoma may show 
vague nodularity, and there are usually hyalinized vessels and 
interspersed epithelioid macrophages. By immunohistochemis-
try, mantle cell lymphoma is positive for CD20, CD5, and cyclin 
D1 and negative for CD10, CD23, and bcl-6. Follicular lym-
phoma may be confused with MALT lymphoma with numerous 
colonized follicles. Follicular lymphoma is positive for CD10 
and bcl-6 and negative for CD5, CD23, CD43, and cyclin D1. In 
difficult cases, FISH may be useful to detect the translocation 
t(14;18)(bcl2::IGH) characteristic of follicular lymphoma and 
not seen in MALT lymphoma. 

Pulmonary MALT lymphoma with extensive plasmacytic 
differentiation may be confused with pulmonary plasmacy-
toma. In the latter, however, the tumor is exclusively com-
posed of plasma cells and no small lymphocytes, monocytoid 
cells, or reactive lymphoid follicles. Although abundant 
plasma cells are seen in MALT lymphoma with extensive 

plasmacytic differentiation, there are always areas with 
monocytoid cells, small lymphocytes, lymphoepithelial 
lesions, and/or reactive germinal centers. A prior history of 
lymphoplasmacytic lymphoma/Waldeström hypergamma-
globulinemia and detection of an IgM paraprotein is helpful 
to support a diagnosis of lymphoplasmacytic lymphoma. 
Nevertheless, the distinction between lymphoplasmacytic 
lymphoma and MALT lymphoma may be extremely chal-
lenging in some cases since both tumors are negative for CD5 
and CD10. In this situation, the clinical presentation and 
detection of MYD88 (L265P) mutation are useful to discern 
between these two lymphomas. MYD88 (L265P) mutation is 
common in lymphoplasmacytic lymphoma and infrequent in 
MALT lymphoma.

Last, pulmonary MALT lymphoma usually contains scat-
tered large immunoblast-like cells, and when these cells 
form large aggregates, there should be a concern for transfor-
mation to large B-cell lymphoma [60]. However, the num-
ber of large cells may not be sufficient to make a diagnosis of 
large B-cell lymphoma, and some authors suggest referring 
to these cases as “MALT lymphoma with increased large 
cells” (Fig. 15.41). This finding is relevant since these cases 
an behave more aggressively than conventional MALT lym-
phoma and may progress to large cell transformation in a 
shorter period of time. Table 15.8 summarizes the differen-
tial diagnosis of pulmonary MALT lymphoma.

 Molecular Findings
A clonal IGH gene rearrangement may only be detected in 
about 60% of cases of pulmonary MALT lymphoma. The 
most frequent translocation (30–40% of cases) in pulmonary 
MALT lymphoma is t(11;18)(q21;q21) with the generation of 
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Table 15.8 Differential diagnosis of pulmonary marginal zone lym-
phoma of mucosa-associated lymphoid tissue (CD5-/CD10-)

Reactive conditions
 Pulmonary nodular lymphoid hyperplasia
 Lymphoid interstitial pneumonia (5% of cases can progress to 
marginal zone lymphoma)
Neoplastic conditions (lung involvement extremely rare as 
primary disease)
 Chronic lymphocytic leukemia/small lymphocytic lymphoma 
(CD5+, CD23+, cyclin D1-)
 Mantle cell lymphoma (CD5+, CD23-/+, cyclin D1+)
 Follicular lymphoma (CD10+, bcl6+)
 Lymphoplasmacytic lymphoma (CD5-/CD10-, >90% of cases 
MYD88 L265P)
 Plasmacytoma (cases of MALT lymphoma with extensive 
plasmacytic differentiation)
 If increased large cells: rule out transformation to diffuse large 
B-cell lymphoma

Table 15.9 Genetic alterations in pulmonary marginal zone lym-
phoma of mucosa-associated lymphoid tissue

Translocation/cytogenetic 
abnormality

Genes 
involved

Frequency in lung 
cases

t(11;18)(q21;q21) API2::MALT1 30–40%
t(14;18)(q32;q21) IGH::MALT1 5–10%
t(1;14)(p22;q32) IGH::bcl10 ~5%
Trisomy 3 N/A 20%
Trisomy 18 N/A 5–10%

Fig. 15.42 Diffuse large B-cell lymphoma. CT shows numerous bilat-
eral solid nodules

an API2::MALT1 fusion transcript that plays a role in NF-κB 
signaling activation [65–67]. However, this translocation is 
not specific to pulmonary MALT lymphoma and may be seen 
in those cases arising in the stomach. Additional genetic alter-
ations include trisomy 3, t(14;18)(q32;q21)(IGH::MALT1) 
and t(1;14)(p22;q32)(IgH::BCL10) [58] (see Table  15.9). 
t(11;18)(q21;q21) can be detected by FISH with a break-apart 
probe for the MALT1 gene located in 18q21 or by RT-PCR 
from paraffin-embedded tissue or fresh or frozen samples. By 
gene expression profiling, pulmonary MALT lymphoma dem-
onstrates upregulation of marginal zone or memory B-cell-
associated genes, and cases with extensive plasmacytic 
differentiation are usually negative for t(11;18)(q21;q21) [68].

 Pulmonary Diffuse Large B-Cell Lymphoma 
(DLBCL)

 Introduction
Pulmonary DLBCL is the second most common primary pul-
monary lymphoma (10–20% of cases). It may occur de novo 
or may arise from pulmonary MALT lymphoma. The same 
diagnostic criteria defined for DLBCL at other sites apply to 
pulmonary DLBCL, namely classification as germinal center 
B-cell-like (GCB) or non-GCB/activated B-cell- like pheno-
type, or distinction according to the presence/absence of rear-
rangements of the MYC, bcl2, and/or bcl6 genes. In general, 
extranodal DLBCL, including pulmonary DLBCL, features a 
non-GCB/activated B-cell-like phenotype.

 Clinical Features
De novo pulmonary DLBCL occurs in older individuals (mean 
age 60 years). Cases arising from pulmonary MALT lym-
phoma (large cell transformation) have similar demographics 
as described for this neoplasm (see prior section). Pediatric 
patients who develop de novo pulmonary DLBCL may have an 
underlying immunodeficiency [69]. In both de novo or second-
ary disease, pulmonary DLBCL presents with systemic B 
symptoms (fever, drenching night sweats, weight loss of at 
least 10% of body weight over 6 months), chest pain, respira-
tory distress (if the lesion obstructs an airway), dyspnea, cough, 
or hemoptysis. Regional/hilar lymphadenopathy occurs in 
about 50% of cases. According to a recent study from China 
evaluating 90 cases of primary pulmonary lymphoma (32% of 
cases were DLBCL), age above 60 years, elevated serum LDH 
and beta-2 microglobulin, clinical stage II2E or higher, and 
nonsurgical treatment were associated with poor prognosis 
[53]. Treatment includes the use of chemotherapy with ritux-
imab, cyclophosphamide, Adriamycin, vincristine, and predni-
sone (R-CHOP) or other related regimens. The median survival 
is 3–5  years  and less in relapsed/refractory disease.  More 
recently, chimeric antigen receptor (CAR) T cell therapies tar-
geting CD19 are being investigated [70, 71].

 Diagnostic Imaging
Diffuse large B-cell lymphoma (DLBCL) in the lung mani-
fests most commonly with single or multiple solid nodules or 
masses [43] (Fig.  15.42). Cavitation secondary to necrosis 
occurs in approximately 50% [43]. Rare instances of DLBCL 
presenting with only diffuse bilateral ground-glass opacities 
without nodules or masses have been reported [72, 73]. 
Untreated and still-viable treated  DLBCL typically shows 
high FDG uptake on PET/CT [74].

 Pathology
Today sampling of a lung lesion is usually accomplished via 
an imaging-guided needle biopsy or a transbronchial biopsy, 
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Fig. 15.43 Pulmonary diffuse large B-cell lymphoma. There is efface-
ment of the lung parenchyma by sheets of intermediate to large lym-
phoma cells

Fig. 15.44 Pulmonary diffuse large B-cell lymphoma. Sheets of large 
lymphoma cells with centroblastic morphology

and the diagnosis is established either in a cytology speci-
men, a core-needle biopsy, or a transbronchial biopsy. If the 
diagnosis of pulmonary lymphoma is rendered in any of 
these specimens, then a wedge resection or a lobectomy is 
not performed. However, a resection may still be done when 
a biopsy is inconclusive for diagnosis.

Grossly, pulmonary DLBCL has been described as a tan- 
white vaguely nodular mass with well-demarcated borders, 
common central necrosis with cavitation, and areas of hemor-
rhage. Peripheral tumors may extend and penetrate the visceral 
pleura, while centrally located lesions diffusely involve hilar 
structures. On microscopic examination, pulmonary DLBCL is 
identical to any large cell lymphoma at another site, composed 
of sheets of large lymphoid cells infiltrating the lung and adja-
cent structures (Fig. 15.43). The morphology of the lymphoma 
cells is predominantly centroblastic, with oval to round nucleus 
with fine chromatin, >2  juxtanuclear nucleoli, and scant to 
moderate amount of basophilic cytoplasm (Fig.  15.44). 
Scattered cells with immunoblastic or anaplastic features and 
Reed–Sternberg-like cells may or may not be present. Mitoses 
and apoptotic bodies are frequent, and some cases may feature 
a “starry-sky” pattern. Necrosis is variably seen. Clusters of 
large lymphoma cells admixed with fibrin can fill the alveoli 
and give the impression of a pneumonic process, a feature 
known as “tumoral pneumonia” [6] (Fig. 15.45). In core biop-

sies, the tumor cells may show artefactual spindle shape and 
not suggest the diagnosis of lymphoma (Fig. 15.46). Areas of 
residual MALT lymphoma or “MALT lymphoma with 
increased large cells” may be observed.

 Immunohistochemistry and Other Ancillary 
Studies
The information presented here refers to DLBCL in general. 
The lymphoma cells are positive for CD45 and for B-cell mark-
ers, namely CD19, CD20, CD79a, PAX5, OCT2, and BOB.1, 
and are negative for CD15 and for T-cell markers (Figs. 15.47 
and 15.48a–c). CD30 is positive in 10–15% of cases (based on 
information from DLBCL at other sites), and the frequency of 
CD30 may be higher in anaplastic DLBCL. Today, it is stan-
dard practice to determine the cell of origin of a DLBCL using 
an algorithm or a classifier, among which the one proposed by 
Hans et al. is widely used [75]. This algorithm takes in consid-
eration the expression of CD10, bcl-6, and MUM1 to either 
define DLBCL into GCB- like (CD10+, bcl-6+/-, MUM1-) or 
non-GCB/activated B-cell-like (CD10-, bcl-6+/-, MUM1+) 
(Fig. 15.49a). The cutoff for all these markers is >30% of lym-
phoma cells. Non-GCB/ABC-like DLBCL has worse progno-
sis and a higher frequency of extranodal involvement, and 
pulmonary DLBCL is likely to belong to this group. In addi-
tion, the standard of practice includes assessment of the status 
of bcl-2 and c-myc by immunohistochemistry (>50% and 
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Fig. 15.45 “Tumoral pneumonia” or intraalveolar collections of large 
lymphoma cells admixed with fibrin mimicking a pneumonic process

Fig. 15.46 Core biopsy of a pulmonary diffuse large B-cell lym-
phoma. The lymphoma cells show spindle morphology and resemble a 
sarcomatoid neoplasm

Fig. 15.47 Pulmonary diffuse large B-cell lymphoma, CD20 
immunostain

>40% of tumor cells cutoff, respectively) (Fig.  15.49b–c). 
DLBCLs that are positive for both markers are referred to as 
double expressors, and this appears to confer a poor prognosis 
regardless of the cell of origin. The Ki-67 proliferation index is 
always elevated (>30%) but usually not higher than 90%. 
When Ki-67 is >90–95%, it should suggest the possibility of a 
“high-grade” DLBCL. EBER ISH is negative, and cases that 
are EBV+ should be classified as EBV+ DLBCL or grade 3 
(high grade) lymphomatoid granulomatosis (see corresponding 
section in this chapter).

 Differential Diagnosis
Pulmonary DLBCL needs to be distinguished from a pri-
mary mediastinal large B-cell lymphoma (PM-LBCL) 
extending to the lung, other large cell lymphomas, poorly 
differentiated lung carcinoma, small cell and large cell carci-
noma, and metastatic carcinoma or amelanotic melanoma. 
Cases with pulmonary DLBCL with spindle morphology 
need to be distinguished from sarcomatoid carcinoma or pri-
mary or metastatic lung sarcoma.

The distinction between pulmonary DLBCL and other 
large cell lymphomas can be made by a combination of clini-
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Fig. 15.48 Pulmonary diffuse large B-cell lymphoma with spindle morphology. The lymphoma cells are negative for (a) CD3 and positive for (b) 
CD79a and (c) PAX5

cal history and the use of ancillary studies. Other large cell 
lymphomas that resemble pulmonary DLBCL include 
PM-LBCL extending to the lung, grade 3 (high grade) lym-
phomatoid granulomatosis, and anaplastic large cell lym-
phoma. The distinction between PM-LBCL and pulmonary 
DLBCL may not be possible by histopathologic examina-
tion, and sometimes it is only established by the clinical his-
tory (young female with an anterior mediastinal mass with 
lung extension rather than an older man with a solitary lung 

mass). However, the presence of clear cells, expression of 
CD23, and a variable expression of CD30 may suggest 
PM-LBCL over pulmonary DLBCL. Grade 3 (high grade) 
lymphomatoid granulomatosis is an EBV+ large B-cell lym-
phoma that presents as multiple lung nodules (see the corre-
sponding section) and not as a single lesion as usually seen 
in pulmonary DLBCL. This tumor features prominent vascu-
litis with abundant necrosis, although these features may not 
be identified in a core needle biopsy. Lymphoid granuloma-
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Fig. 15.49 Pulmonary diffuse large B-cell lymphoma with spindle morphology. The lymphoma cells are positive for (a) MUM1 and (b) c-myc. 
(c) The Ki-67 proliferation index is high (60–70%)

tosis is positive for B-cell markers and EBER, and the latter 
excludes a diagnosis of conventional  pulmonary 
DLBCL.  Anaplastic large cell lymphoma is a T-cell lym-
phoma with strong and diffuse expression of CD30 with or 
without expression of ALK and lack of B-cell markers. 
Pulmonary DLBCL, including cases of the anaplastic vari-
ant, are negative for T-cell markers and ALK.

Poorly differentiated carcinomas, metastatic carcinoma, 
sarcomatoid carcinoma, and small cell and large cell carci-

nomas are readily distinguished from pulmonary DLBCL by 
histology because all these neoplasms are positive for cyto-
keratin and show variable expression of lineage-specific 
transcription factors (TTF1, etc.), synaptophysin and chro-
mogranin, and are negative for CD45 and all B-cell markers. 
In a similar fashion, melanoma is positive for melanocytic 
markers (HMB-45, Melan-A, MART-1) and negative for 
CD45 and B-cell markers. Expression of CD45 and other 
B-cell markers in an otherwise malignant spindle cell neo-
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plasm in the lung excludes the diagnosis of sarcoma. The 
differential diagnosis of pulmonary DLBCL is listed in 
Table 15.10.

 Molecular Findings
A full description of all the findings present in DLBCL is 
outside the scope of this chapter. Pulmonary DLBCL is likely 
to harbor similar alterations as non-pulmonary cases; how-
ever, no studies are available for cases confined to the lung. 
The  most common alteration in DLBCL  includes the rear-
rangement of bcl6 (~30%), followed by that of bcl2 (~20%) 
and MYC (~10%). Cases that show MYC, bcl2, and/or bcl6 
gene rearrangements, also known as double-hit or triple-hit 
lymphomas, have a very bad prognosis [76], but the frequency 
of these cases in the lung is uncertain. Detection of MYC and 
BCL2 rearrangements by FISH (double hit DLBCL) is not 
interchangeable with double expressor DLBCL. In fact, there 
is a poor correlation between the FISH findings and immuno-
histochemical results for these two markers. The novel 
LymphGen classification stratifies DLBCL into subgroups 
based on molecular abnormalities identified by depth genomic 
analysis. Using this classification, GBC-like DLBCLs com-
monly express bcl6 and EZH2 genes and demonstrate altera-
tions in PIK3 signaling, cell migration, and immune cell 
interactions, whereas non-GCB/ABC-like DLBCLs harbor 
alterations in chronic B-cell receptor signaling (MYD88, 
CD79B) and activation of the NF-κB signaling [77].

 Pulmonary Intravascular Large B-Cell 
Lymphoma (LBCL)

 Introduction
Originally designated systematized endotheliomatosis by 
Pfleger in 1959 [78] and later known by multiple names such 
as intravascular reticuloendotheliosis, malignant angioendo-
theliomatosis, angiotropic large cell lymphoma, and intra-

vascular lymphomatosis, intravascular LBCL—as the 
disease is known today—is an uncommon subtype of LBCL 
with unique clinicopathologic features, including the pres-
ence of large lymphoma cells within the vascular lumina of 
multiple organs, hence the name. Lung involvement is usu-
ally seen as part of multisystemic disease.

 Clinical Features
There are three clinical presentations of intravascular 
LBCL, including a cutaneous form, a Western form with 
predominant skin and brain involvement, and an Asian 
form with multisystemic involvement and hemophagocytic 
syndrome [79–81]. The clinical and radiologic presentation 
is variable and nonspecific. Therefore, clinical diagnosis 
may be challenging, and a large subset of patients go under-
recognized until the diagnosis is established at autopsy. 
Overall, patients have a poor prognosis despite R-CHOP 
chemotherapy.

 Pathology
Intravascular LBCL cannot be identified grossly. 
Microscopically, at low magnification, the disease may not 
be easy to recognize and can be potentially overlooked, 
particularly in those cases with only a few intravascular 
lymphoma cells (Fig. 15.50). On the other hand, cases with 
high tumor burden produce expansion of alveolar capillar-
ies that appear as interstitial widening (Fig.  15.51) and 
resemble an interstitial pneumonia or interstitial lung dis-
ease [82]. At higher magnification, the lymphoma cells are 

Table 15.10 Differential diagnosis of pulmonary diffuse large B-cell 
lymphoma

Hematopoietic
 Primary mediastinal large B-cell lymphoma with extension to the 
lung
 Syncytial variant of mediastinal classic Hodgkin lymphoma with 
extension to the lung
 Syncytial variant of primary pulmonary classic Hodgkin lymphoma
 Anaplastic large cell lymphoma
 Lymphomatoid granulomatosis, grade 3

Non-hematopoietic
 Poorly differentiated primary lung carcinoma
 Small cell carcinoma
 Metastatic carcinoma or amelanotic melanoma
 Sarcomatoid carcinoma or sarcoma (in cases of diffuse large B-cell 
lymphoma with spindle morphology)

Fig. 15.50 Intravascular large B-cell lymphoma may be completely 
missed at low magnification. The arrows point to intermediate and 
small blood vessels filled with lymphoma cells
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Fig. 15.51 Intravascular large B-cell lymphoma The capillaries are 
filled with large lymphoma cells

Fig. 15.52 Intravascular large B-cell lymphoma. The capillaries are 
filled with large lymphoma cells

Fig. 15.53 Intravascular large B-cell lymphoma, CD20 immunostain

always found in the lumen of capillaries and small to inter-
mediate-sized blood vessels, and they may or may not be 
admixed with intravascular fibrin or small thrombi 
(Fig.  15.52). The morphology of the lymphoma cells is 
predominantly centroblastic, with oval to round nuclei 
with fine chromatin, >2 juxtanuclear nucleoli, and scant to 
moderate amount of basophilic cytoplasm. Occasionally, 
some larger vessels may contain a few scattered lymphoma 
cells infiltrating into the vessel wall but not reaching the 
lung parenchyma. Intravascular LBCL can exhibit four 
different patterns of involvement with >1 or more of them 
seen in the same case: a non-cohesive pattern with lym-
phoma cells floating freely inside the lumen of a blood 
vessel; a cohesive pattern with aggregates of lymphoma 
cells filling an entire vascular lumen; a marginated pattern 
with lymphoma cells attached to vascular endothelium 
with no associated fibrin or thrombus; and a tumor- 
associated pattern with intravascular lymphoma cells seen 
within the vasculature of another tumor but not in blood 
vessels from adjacent uninvolved tissue [46].

 Immunohistochemistry and Other Ancillary 
Studies
The lymphoma cells are positive for B-cell markers (CD20, 
PAX5, CD79a), CD45, and bcl-2 and show variable expres-
sion of CD5 or CD10 (Fig. 15.53). A subset of cases is dou-
ble positive for CD5 and CD10. The majority of cases have a 
non-GCB/activated B-cell-like phenotype (CD10-/bcl-6+/-/
MUM1+). Intravascular LBCL is negative for T-cell mark-
ers, ALK, and EBER.

 Differential Diagnosis
Intravascular LBCL with lung involvement should be distin-
guished from acute leukemia, carcinoma, or melanoma with 
lymphangitic spread in the lung. A proper set of immunohis-
tochemical markers is helpful in discerning between these 
diseases. Intravascular LBCL is positive for B-cell markers 
and negative for cytokeratins, melanoma markers, T-cell 
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Table 15.11 Differential diagnosis of pulmonary intravascular large 
B-cell lymphoma

Hematopoietic
 Acute myeloid leukemia with lymphangitic spread 
(hyperleukocytosis)
Non-hematopoietic
 Carcinoma, melanoma, or any other solid tumor with lymphangitic 
spread
 At low magnification: deceptively appearing “normal lung” or 
pattern resembling interstitial pneumonia

markers, CD34, myeloperoxidase, or other myeloid markers, 
in contrast to the other entities mentioned.

Although intravascular LBCL can mimic interstitial 
pneumonia at low magnification, the recognition of intravas-
cular tumor cells and not interstitial fibrosis or inflammation 
at high magnification rules out interstitial lung disease. A 
CD20 immunostain is extremely valuable in establishing the 
diagnosis. The differential diagnosis of intravascular LBCL 
is summarized in Table 15.11.

 Molecular Findings
The etiology of intravascular LBCL is not completely under-
stood, but it appears that a lack of homing receptor molecules 
(CD29/beta-1 integrin and CD54/ICAM-1) in the surface of 
lymphoma cells impairs their ability to exit into the tissues 
[83]. Similarly, the interaction between molecules on the sur-
face of lymphoma cells and on endothelial cells promotes 
retention and proliferation of the tumor cells in the intravas-
cular space, and this may represent another possible patho-
genetic mechanism in this subtype of lymphoma [84].

 Lymphomatoid Granulomatosis (LYG)

 Introduction
In 1972, Liebow and colleagues authored the seminal publi-
cation of 40 patients who had a rare pulmonary disease with 
“lymphoma-like morphology and features that resembled the 
limited form of Wegener granulomatosis (now granulomatosis 
with polyangiitis)” and coined the term lymphomatoid granu-
lomatosis (LYG) [85]. The authors hypothesized that this 
rare entity could occur secondary to EBV infection, and they 
were correct [85]. However, it was not until 1990–1995 that 
first Katzenstein and Peiper [86] and then Guinee et al. [87], 
and Myers et al. [88] independently detected the presence of 
EBV-infected B-cells in LYG. The current definition of LYG 
is that of an EBV+ B-cell lymphoproliferative disorder with 
specific clinical, radiologic, and histopathologic features. 
Morphologically, this disorder is divided into three grades and 
each of these reflects a different clinical outcome.

 Clinical Features
The disease is rare and usually manifests as a systemic disor-
der. Lung involvement is very common, present in 80 to 90% 
of cases. Other organs involved with less frequency include 
the brain, the kidneys, and the skin. Lymphatic organ and 
bone marrow involvement is extremely unusual [85]. LYG 
affects middle-age adults (mean age 46 years) with a male 
predominance (male to female ratio 2:1) [89, 90]. 
Immunosuppressed individuals are at higher risk of develop-
ing LYG, including those with a genetic or acquired condi-
tion, such as Wiskott–Aldrich syndrome, a congenital T-cell 
deficiency, post-ablation chemotherapy, or HIV infection 
[91, 92]. Patients who are post-transplant or are taking 
immunomodulatory drugs and develop a disorder reminis-
cent of LYG should not be classified as such (see differential 
diagnosis) [90]. Immunocompetent individuals only rarely 
develop LYG.  Clinical symptoms include systemic 
B-symptoms and dyspnea, cough, chest pain, and hemopty-
sis. The symptoms  tend to wax and wane over a period of 
months to years [93, 94].

The prognosis in LYG is variable but overall poor, with a 
median survival of 2 years [90]. However, patients with pul-
monary involvement have a longer survival when compared 
to those with multiorgan disease or those with brain involve-
ment. Along with the clinical presentation, the histologic 
grade in LYG is important (see below) since it correlates 
with the risk of transformation to an EBV+ LBCL (grade 3 
LYG) and more aggressive disease with worse prognosis 
[91]. Treatment depends on the extent of the disease and the 
histologic grade, and it can range from single-agent ritux-
imab to combined chemotherapy and/or additional immuno-
modulators [89, 90, 95].

 Diagnostic Imaging
On CT, LYG is characterized by well-defined and poorly 
defined nodules located along bronchovascular structures or 
interlobular septa [43, 96] (Fig.  15.71). Large masses and 
vascular occlusion also occur [96]. Other CT features include 
coarse irregular opacities and small thin-walled cysts [96]. 
Dee et al. previously described two distinct radiographic pat-
terns of LYG: diffuse reticulonodular pattern, secondary to 
biopsy-proven granulomatous infiltration without evidence 
of infarction, and lobular parenchymal masses correspond-
ing to biopsy-proven pulmonary infarcts within lymphoma-
toid granulomatosis lesions [97]. The halo sign (solid nodule 
or mass with surrounding ground-glass halo) [98] and reverse 
halo sign (central ground-glass opacity surrounded by con-
solidation) [99] have been described with LYG. LYG lesions 
typically demonstrate marked FDG uptake though centrally 
necrotic portions will be photopenic [98] (Fig. 15.54a, b).
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Fig. 15.54 Lymphomatoid granulomatosis. (a) CT shows a right lower 
lobe mass (arrow) and bilateral pulmonary nodules, and (b) PET/CT 
shows that the right lower lobe mass (arrow) and left lower lobe nodules 

are FDG-avid. Central photopenia in the right lower lobe mass is the 
result of central necrosis

 Pathology
Currently sampling of a lung lesion is usually accomplished 
via an imaging-guided needle biopsy or a transbronchial 
biopsy, and the diagnosis is established either in a cytology 
specimen, a core-needle biopsy, or a transbronchial biopsy. 
If the diagnosis of pulmonary lymphoproliferative disorder 
is rendered in any of these specimens, then a wedge resection 
or a lobectomy is not required. However, a resection may 
still be done when a biopsy is inconclusive for diagnosis or 
when the disease manifests as multiple surgically approach-
able peripheral nodules.

Grossly, LYG has a variable appearance ranging from tan- 
white to pale yellow firm small nodules (usually <5 cm) to 
large markedly necrotic lesions with central cavitation with a 
rim of peripheral viable tissue (usually >5  cm and even 
>10 cm). Centrally located nodules may erode an adjacent 
bronchus and produce ulceration of the mucosa. On micro-
scopic examination, the nodules of LYG have a bronchovas-
cular distribution and a sharp demarcation from the adjacent 
otherwise unremarkable lung (Fig. 15.55). LYG varies from 
lesions composed of a polymorphic infiltrate of small lym-
phocytes, macrophages, few plasma cells, and few large 

atypical lymphoid cells with immunoblastic-like or Reed–
Sternberg-like morphology with no or minimal focal necro-
sis (grade 1–2 lesions) (Figs.  15.56 and 15.57) to nodules 
containing sheets of large atypical lymphoid cells with 
extensive necrosis (grade 3 lesions) (Figs. 15.58 and 15.59). 
In all nodules, there is lymphocytic vasculitis, and the necro-
sis, if present, is of the coagulative type (eosinophilic) with a 
lack of neutrophils or karyorrhectic debris (Figs. 15.58 and 
15.60). Eosinophils and epithelioid granulomas are not usu-
ally seen. As mentioned above, the nodules in LYG wax and 
wane and histologic evaluation of a regressed nodule shows 
a paucicellular infiltrate, blood vessels with a recanalized 
lumen and a fibrotic wall surrounded by alveolar edema, 
hemorrhage, and fibrosis or infarction [93]. Nodules sam-
pled after therapy show dense fibrosis and necrosis without 
large atypical lymphoid cells [89].

 Immunohistochemistry and Other Ancillary 
Studies
The large atypical lymphoid cells are of B phenotype, posi-
tive for CD45 and B-cell markers (CD20, PAX5, CD79a, 
OCT2, BOB.1) (Figs. 15.61 and 15.62). These cells are posi-
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Fig. 15.55 Lymphomatoid granulomatosis (LYG). The nodules of 
LYG are sharply demarcated from the adjacent and unremarkable lung 
parenchyma

Fig. 15.56 Lymphomatoid granulomatosis, low grade. Lymphocytic 
vasculitis, scattered large cells, and no significant necrosis

Fig. 15.57 Lymphomatoid granulomatosis, low-grade. A few large 
atypical lymphoid cells are seen (arrows). The background is composed 
of macrophages, plasma cells, and small lymphocytes

Fig. 15.58 Lymphomatoid granulomatosis, high grade. Lymphocytic 
vasculitis and extensive necrosis. There are numerous large atypical 
lymphoid cells around the necrotic vessel wall. No karyorrhectic debris 
are seen despite the extensive necrosis
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Fig. 15.59 Lymphomatoid granulomatosis, high grade. The wall of 
this vessel is surrounded by sheets of large atypical lymphoid cells

Fig. 15.60 Lymphomatoid granulomatosis, high grade. Area of coagu-
lative (eosinophilic) necrosis devoid of karyorrhectic debris

Fig. 15.61 Lymphomatoid granulomatosis, low grade. CD20 
immunostain

Fig. 15.62 Lymphomatoid granulomatosis, high grade. CD20 
immunostain
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Fig. 15.63 Lymphomatoid granulomatosis, high grade. CD30 immu-
nostain is positive in some large lymphoid cells

tive for CD30 in 30–40% of cases (Fig. 15.63), and CD15 is 
usually negative [89]. The large cells are also positive for 
EBER by ISH and for the EBV latent membrane protein-1 
(LMP-1) by immunohistochemistry (Fig. 15.64). The large 
atypical B-cells are negative for T-cell markers and CD56 
(Fig. 15.65). The background polymorphic infiltrate consists 
mostly of T-cells, positive for CD3 with a normal to slightly 
increased CD4:CD8 ratio and abundant macrophages 
(CD68+/CD163+) (Figs. 15.66 and 15.67).

 Grading System
Currently, the World Health Organization (WHO) recom-
mends grading LYG into three grades based on the amount of 
EBV+ large atypical cells/10 HPFs [100] since this feature 
appears to have prognostic relevance. Grade 1 lesions have <5 
large atypical EBV+ B-cells/10 HPFs and minimal to no 
necrosis (Figs.  15.56 and 15.64). Grade 2 lesions contain 
5–20 EBV+ B-cells/10 HPFs and variable—but not exten-
sive—necrosis (Fig. 15.64). Grade 3 lesions are composed of 
sheets of large atypical EBV+ B-cells and extensive necrosis 
and overlap with EBV+ DLBCL [100] (Figs.  15.58, 15.59 
and 15.64). Distinction between LYG grades 1 and 2 is not as 
relevant as recognizing LYG grade 3 given the significant 
prognostic impact. Therefore, LYG grades 1 and 2 are desig-
nated low-grade LYG whereas grade 3 is designated high- 
grade LYG. However, this grading system proposed by the 
WHO is controversial. Katzenstein et  al. [90] have pointed 
out that an EBER ISH-based method for grading LYG is not 
entirely reliable since the sensitivity of ISH varies from labo-
ratory to laboratory and this may result in an underestimation 

of the number of EBER+ cells. Similarly, high-grade LYG 
lesions tend to have extensive necrosis and ISH loses sensitiv-
ity in necrotic tissues, which may result in an underestimation 
of the number of EBER+ cells. Additionally, not all cases of 
LYG are positive for EBER, which creates confusion as to 
how to grade these cases. On the other hand, EBER may not 
only be positive in large B-cells but also in small lympho-
cytes, which may result in an overestimation of the LYG 
grading. For all these reasons, Katzenstein et  al. [90] have 
recommended grading LYG by counting the large atypical 
cells using CD20 immunohistochemistry, which is a method 
more reliable and reproducible than ISH. Use of CD20 is also 
excellent for evaluating necrotic tissues since this antigen is 
well-known to remain present in necrotic tissues for a long 
period of time (Figs. 15.61 and 15.62). Yet another controver-
sial point of the WHO grading system is related to the hetero-
geneity of the LYG lesions. For example, it is not uncommon 
to find nodules of grade 2 or even grade 3 LYG with adjacent 
grade 1 areas in resection specimens [89]. For this reason, it 
is also not uncommon to have discrepant results in a core 
needle biopsy when a lesion is classified as low-grade LYG, 
but due to sampling issues, the highest grade was not sam-
pled. For a core biopsy showing only low-grade LYG, a com-
ment addressing this issue  is recommended, particularly 
when radiologic imaging shows multiple lung nodules. Given 
the presence of necrosis, transbronchial biopsies are diagnos-
tic for LYG in only 30% of cases, and in open lung biopsies 
or lobectomies, extensive sampling of a necrotic LYG lesion 
is warranted to not miss high-grade areas. Table 15.12 shows 
a summary of the LYG grading system and its caveats in day-
to-day practice.

 Differential Diagnosis
LYG should be distinguished from several entities depend-
ing on the histologic grade and amount of necrosis. Grade 1 
or 2 LYG mimics polymorphic lymphoproliferative disor-
ders, namely CHL, T-cell/histiocyte-rich DLBCL, polymor-
phic post-transplant lymphoproliferative disorder, 
extranodal NK/T-cell lymphoma (polymorphic type),  and 
PTCL, NOS.  On the other hand, grade 3 LYG resembles 
DLBCL, ALCL, extranodal NK/T-cell lymphoma, and 
monomorphic post-transplant lymphoproliferative disorder 
involving the lung.

Clinical and radiologic correlation is helpful in differenti-
ating between these lymphoproliferative disorders that do 
not present as multiple migratory lung nodules in an immu-
nosuppressed patient but rather manifest as solitary lung 
masses or as lung involvement in advanced stages of well- 
documented lymphoma. The recognition of vasculitis, an 
angiocentric pattern, and necrosis is helpful since most lym-
phoproliferative disorders do not exhibit these features with 
the exception of extranodal NK/T-cell lymphoma, and that 
only rarely involves the lung. Immunohistochemical stains 
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Fig. 15.64 Grading in lymphomatoid granulomatosis (LYG) according to the WHO recommendation using EBER in situ hybridization to count 
EBER+ cells per high power field. (a) Grade 1 LYG. (b) Grade 2 LYG. (c) Grade 3 LYG. (See text for details)

are needed to distinguish all these lesions. In CHL, the 
Reed–Sternberg cells are positive for CD30, CD15 (+/-), and 
PAX5 (weak) and are negative for CD20 and CD45, which 
contrast with LYG where the large atypical cells are of B 
phenotype. T-cell/histiocyte-rich DLBCL has a similar 
immunophenotype to LYG, but the large B-cells are negative 
for EBER and this lymphoma is commonly seen involving 
lymph nodes, spleen and bone marrow, sites that are usually 
spared by LYG. Pulmonary DLBCL is negative for EBER, 
and when this feature is present, it most likely represents 

grade 3 LYG and clinical history and imaging are required to 
further classify the lesion. NK/T-cell lymphoma features 
vasculitis,  variable degrees of necrosis, and is EBER+. 
However, the necrosis in NK/T-cell lymphoma has abundant 
karyorrhectic debris—in contrast to the eosinophilic necrosis 
of LYG—and the EBER+ cells are NK/T-cells positive for 
CD3, CD8, CD56, and cytotoxic molecules (TIA-1, gran-
zyme, perforin). PTCL, NOS, and ALCL may resemble 
grade 3 LYG on histology, but these are T-cell lymphomas, 
and they are negative for EBER.
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Table 15.12 Pulmonary LYG grading system (WHO classification)

Grade 1 LYG <5 large atypical 
EBV+ B-cells/10 
HPFs
Focal or no necrosis

Grade 2 LYG 5–20 EBV+ 
B-cells/10 HPFs
Moderate necrosis, 
but not extensive

Grade 3 LYG Greater number of 
large EBV+ B-cells 
(>50/HPFs)
Extensive necrosis

Caveats with the WHO grading system
Underestimation of EBV+ cells:
   •  Variability of EBER ISH methodology from laboratory to 

laboratory
   • Loss of ISH sensitivity in markedly necrotic tissue
   • Rare cases of LYG are EBER negative
Overestimation of EBV+ cells:
   •  EBER may also be positive in other lymphoid cells, not only 

large B-cells
Other:
   •  Arbitrary numbers for grading LYG. No specification on how to 

classify cases with 20–50 EBV+ B-cells/10 HPFs
   •  Heterogeneity of LYG lesions (grades 2–3 with areas of grade 

1 in the same lesion). Therefore, a core biopsy may show grade 1 
LYG, but the highest grade may not have been sampled

   •  Transbronchial biopsies are diagnostic only in 30% of cases, and 
this percentage may be higher in cases with extensive necrosis

LYG lymphomatoid granulomatosis, WHO World Health Organization, 
HPF high power fields, EBV Epstein–Barr virus, EBER EBV encoded 
RNA; ISH in situ hybridization

Fig. 15.65 Lymphomatoid granulomatosis, the CD56 immunostain is 
negative

Fig. 15.66 Lymphomatoid granulomatosis, the CD5 immunostain 
highlights numerous small T-lymphocytes

Fig. 15.67 Lymphomatoid granulomatosis, the CD68 immunostain 
highlights numerous macrophages
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Importantly, a diagnosis of LYG should not be rendered in 
the post-transplant setting or in patients who are receiving 
immunomodulatory drugs, namely methotrexate or tumor 
necrosis factor alpha inhibitors. In these particular scenarios, 
the diagnosis is most likely either post-transplant lymphop-
roliferative disorder or iatrogenic immunodeficiency- 
associated lymphoproliferative disorder [90, 101]. Therefore, 
it is mandatory to exclude these two conditions before mak-
ing the diagnosis of LYG.

Extensively necrotic lesions may  have a differential 
diagnosis of pulmonary infarct, a vasculitic process such as 
granulomatosis with polyangiitis (former  Wegener granu-
lomatosis), necrotizing pneumonia (fungal or secondary 
to Pseudomonas or Klebsiella), necrotizing sarcoid, or a 
necrotic metastasis. Correlation with clinical history, imag-
ing, and other laboratory assays is required to confirm or 
exclude any of these possibilities. Special stains and immu-
nohistochemistry for CD20 may be useful to identify either a 
microorganism or to evaluate the number and size of B-cells, 
respectively. A summary of the differential diagnosis of LYG 
is shown in Table 15.13.

 Molecular Findings
Only little information is known about the pathophysiology of 
LYG besides its association with EBV infection that is of type 
III latency (EBER+, LMP-1+, EBNA+) [89, 102]. It appears 
that LYG a low grade lymphoproliferative disorder that later 
progresses to a clonal process. It has been suggested that in 
low-grade LYG, the EBV+ B-cells release molecules that 
attract T-cells and other inflammatory elements to the lung and 
induce vasculitis. This process may be enhanced by the host-
impaired immunologic system that permits the proliferation 
and thriving of EBV+ B-cells and progression to a lesion such 
as grade 2 LYG. Eventually, an independent clone of EBV+ 

B-cells dominates the picture with progression into grade Y 
LYG/EBV+ DLBCL. This hypothesis is supported by multi-
ple findings. For example, clonal EBV has been detected in 
grade 3 LYG. Likewise, clonal IGH gene rearrangement has 
been detected in 50% of samples of grade 2 LYG, in 70% of 
samples of grade 3 LYG, but only in <10% of samples of 
grade 1 LYG [89]. Although these results may also be directly 
related to the paucity of EBV+ B-cells in grade 1 cases com-
pared to grade 2 or 3 cases, it also suggests a higher burden of 
clonal cells with higher grades of LYG. Last, the theory of 
progression from low-grade to high-grade LYG is also sup-
ported by the frequency of progression to EBV+ LBCL. Only 
about 30% of patients with grade 1 LYG progress to grade 3 
LYG, whereas 70–75% of patients with grade 2 LYG progress 
to grade 3 LYG/EBV+ DLBCL [91].

 Other Small B-cell Lymphomas: Chronic 
Lymphocytic Leukemia/Small Lymphocytic 
Lymphoma (CLL/SLL), Mantle Zone Lymphoma, 
Follicular Lymphoma and Lymphoplasmacytic 
Lymphoma

 Introduction
Small B-cell lymphomas other than MALT lymphoma, 
namely CLL/SLL, mantle zone lymphoma, follicular lym-
phoma, and lymphoplasmacytic lymphoma are exceedingly 
rare as primary lung disease [51, 103–106]. Secondary pul-
monary involvement is much more common than primary 
disease, and this may be detected on imaging when there is 
high tumor burden. Detection of a new lung mass or multiple 
lung masses in a patient with a known history of low-grade 
B-cell lymphoma suggests either large cell transformation, 
or a different lung condition, namely lung carcinoma, metas-
tasis, lobar pneumonia, sarcoidosis, granulomatous inflam-
mation, etc. Because these tumors are exceedingly rare in the 
lung, they are only discussed briefly.

 Clinical Features
The majority of low-grade B-cell lymphomas affect adults and 
the elderly. Most patients do not have symptoms and are only 
symptomatic when there is advanced disease with extensive 
lung involvement. Clinical symptoms include fever, dry cough, 
or dyspnea, which may be misdiagnosed as pneumonia.

 Pathology
Gross involvement is not obvious, and it may appear as con-
solidated lung parenchyma and only rarely as a mass. 
Microscopically, all low-grade B-cell lymphomas are identi-
cal to their counterparts at other sites. In the lung, they typi-
cally demonstrate lymphangitic or interstitial spread with 
thickening of alveolar septa (Fig. 15.68). Rarely, CLL/SLL 
may involve the lung in a bronchiolocentric pattern [12, 107] 

Table 15.13 Differential diagnosis of pulmonary LYG

Hematopoietic
Grade 1 or 2 LYG
   Classic Hodgkin lymphoma
   T-cell/histiocyte-rich large B-cell lymphoma
   Polymorphic post-transplant lymphoproliferative disorder
   Peripheral T-cell lymphoma, not otherwise specified
   Extranodal NK/T-cell lymphoma (polymorphic)
Grade 3 LYG/EBV+ large B-cell lymphoma
   Diffuse large B-cell lymphoma
   Anaplastic large cell lymphoma
   Extranodal NK/T-cell lymphoma (mainly with large cells)
   Monomorphic post-transplant lymphoproliferative disorder
Non-hematopoietic (especially lesions with extensive necrosis)
   Pulmonary infarct
   Granulomatosis with polyangiitis (Wegener granulomatosis)
   Other vasculitic processes
   Necrotizing pneumonia
   Necrotizing sarcoid
   Necrotic metastasis

LYG lymphomatoid granulomatosis, EBV Epstein–Barr virus
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Fig. 15.68 Chronic lymphocytic leukemia/small lymphocytic lym-
phoma (CLL/SLL) involving lung with bronchovascular distribution. 
The lobectomy was performed for an adenocarcinoma in a patient with 
known CLL/SLL

Fig. 15.69 Chronic lymphocytic leukemia/small lymphocytic lym-
phoma with bronchiolocentric patterns

Fig. 15.70 Chronic lymphocytic leukemia/small lymphocytic lym-
phoma (CLL/SLL) involving the subpleural space. The lobectomy was 
performed for an adenocarcinoma in a patient with known CLL/SLL

Fig. 15.71 Chronic lymphocytic leukemia/small lymphocytic lym-
phoma admixed with lung adenocarcinoma

(Fig.  15.69). Visceral pleural involvement may be seen as 
small aggregates of lymphoma cells right beneath the meso-
thelial lining or as lymphoid nodules forming pleural polyp-
oid structures (Fig. 15.70). If a lung resection is performed 
for another reason (carcinoma, metastasis, infection), the 
lymphoma cells are seen either around or deeply intermin-

gled with the non-lymphomatous process (Fig.  15.71). 
Bronchovascular bundles and bronchioles apart from the 
non-hematopoietic process may or may not show aggregates 
of lymphoma cells.

CLL/SLL cells have a round nucleus, clumped chromatin, 
and scant cytoplasm. Bronchopulmonary leukemic infiltrates 
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Fig. 15.72 (a) Mantle cell lymphoma cells (bottom) adjacent to lung adenocarcinoma (top), (b) the lymphoma cells are positive for cyclin D1

Fig. 15.73 Low-grade follicular lymphoma, composed of back-to- 
back follicles with no polarization of the germinal centers and attenu-
ated mantle zones. The majority of neoplastic follicles are composed of 
centrocytes with only a few centroblasts

are observed in 40% of patients in different types of lung 
biopsies [108]. Mantle cell lymphoma has cleaved cells with 
moderately condensed chromatin and inconspicuous nucleo-
lus (Fig.  15.72). Low-grade follicular lymphoma (grades 
1–2) consists of neoplastic follicles made of cleaved cells 
with condensed chromatin or centrocytes and larger cells 
with fine chromatin and nucleoli or centroblasts (<15/HPF). 
The neoplastic follicles do not show polarization or tingible- 
body macrophages and have attenuated mantle zones 
(Fig. 15.73). If >15 centroblasts/HPF are seen, this suggests 
high-grade follicular lymphoma (grade 3A when centrocytes 
are still present and 3B when follicles only contain centro-
blasts). Pulmonary involvement by follicular lymphoma may 
occur as multiple bilateral small nodules mimicking sarcoid-
osis [109]. Lymphoplasmacytic lymphoma is composed of a 
mixture of small lymphocytes, plasmacytoid lymphocytes, 
and plasma cells. This lymphoma is probably the least com-
mon to involve the lung.

 Immunohistochemistry and Other Ancillary 
Studies
All of these B-cell lymphomas are positive for CD20, CD22, 
CD79a, and PAX5. A comprehensive panel of markers to 
distinguish small B-cell lymphomas includes CD3, CD5, 
CD10, CD23, CD43, bcl-2, bcl-6, cyclin D1, SOX11, LEF1 
(lymphoid enhancer binding factor 1), and LMO2 (LIM 
domain only 2). Depending on the morphologic features, 
some—but not all—of these markers may be used to further 
classify a low-grade B-cell lymphoma. CLL/SLL is positive 
for CD5, CD23, CD43, and LEF1 and negative for CD10, 
bcl-6, and cyclin D1 (Fig. 15.74a–d). Mantle cell lymphoma 

is positive for CD5, CD43, cyclin D1, and SOX11 and nega-
tive for CD10, bcl-6, and LEF1. Follicular lymphoma is 
positive for CD10, bcl-6, variable CD23, and LMO2 and 
negative for CD5, CD43, and cyclin D1. Lymphoplasmacytic 
lymphoma is positive for IgM and negative for CD5 and 
CD10. Importantly, bcl-2 is positive in all these B-cell lym-
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Fig. 15.74 Chronic lymphocytic leukemia/small lymphocytic lymphoma involving the lung. The lymphoma cells are immunoreactive for (a) 
CD20, (b) CD5, and (c) CD23 and are negative for (d) cyclin D1

phomas and expression of this marker does not help to distin-
guish between these entities; however, bcl-2 is useful to 
distinguish reactive follicles (bcl-2 negative) from neoplastic 
follicles in follicular lymphoma (bcl-2+) (Fig.  15.75a, b). 
The Ki-67 proliferation index in all these lymphomas is low 
to intermediate (<30%).

 Differential Diagnosis
Any pulmonary low-grade B-cell lymphoma should be dis-
tinguished from a reactive lymphoid process or pulmonary 
MALT lymphoma. For additional details, please refer to the 
section of pulmonary MALT lymphoma.

In reactive lymphoid conditions, lymphocytes do not co- 
express CD5, CD10, CD43, or bcl-2, and there is no replace-
ment of the architecture by the inflammatory process. 
Reactive lymphoid follicles, if present, are positive for 
CD10 and bcl-6 and negative for bcl-2 and show preserved 
FDC meshworks. Immunohistochemistry, ISH, or flow 
cytometry shows polytypic B-cells and/or plasma cells.

A prior clinical history of low-grade B-cell lymphoma is 
extremely helpful to avoid incorrectly interpreting unimpres-
sive lymphoid infiltrates around a lung carcinoma, a pneu-
monic process, or a metastasis as reactive lymphocytic 
inflammation. Expression of aberrant markers in the B-cells, 
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Fig. 15.75 Bcl-2 immunostain is negative in the germinal center of (a) a reactive lymphoid follicle and (b) positive in neoplastic follicles in fol-
licular lymphoma

such as CD5 (CLL/SLL, mantle cell lymphoma), CD10 and 
bcl-6 (follicular lymphoma) and co-expression of bcl-2  in 
B-cells should raise concern for the possibility of concur-
rent lymphoma. Diffuse expression of cyclin D1 or SOX11 in 
B-cells supports the diagnosis of mantle cell lymphoma. 
Follicular lymphoma can mimic follicular hyperplasia, fol-
licular bronchiolitis, or a MALT lymphoma with follicular 
colonization. Again, a bcl-2 immunostain is helpful in distin-
guishing between reactive germinal centers (negative for bcl- 
2) from neoplastic follicles in follicular lymphoma (bcl-2+). 
Detection of the t(14;18)(BCL2::IGH) may be required in 
difficult cases to confirm the diagnosis of follicular lym-
phoma. Lymphoplasmacytic lymphoma should be distin-
guished from chronic lymphoplasmacytic inflammation seen 
in some autoimmune disorders involving the lung and from 
MALT lymphoma. A prior history of lymphoplasmacytic 
lymphoma/Waldeström hypergammaglobulinemia and 
detection of an IgM paraprotein is extremely helpful to sup-
port lymphoplasmacytic lymphoma and excludes the other 
conditions. Nevertheless, the distinction between lympho-
plasmacytic lymphoma and MALT lymphoma may be chal-
lenging in some cases since both tumors are negative for 
CD5 and CD10. In this situation, the clinical presentation 
and detection of MYD88 (L265P) mutation are useful to dis-
cern between these two lymphomas. MYD88 (L265P) muta-
tion is common in lymphoplasmacytic lymphoma and 
infrequent in MALT lymphoma.

 Molecular Findings
The specific molecular alterations in each of these lympho-
mas are outside the scope of this chapter. The reader should 

consult preferred hematopathology textbooks for additional 
information.

 Extraosseous (Pulmonary) Plasmacytoma

 Introduction
Although extraosseous plasmacytoma is relatively common 
in the upper airways [110], primary pulmonary plasmacy-
toma is very rare [111]. A subset of primary pulmonary cases 
may precede plasma cell myeloma for a few months or even 
years. Secondary lung involvement is more common and 
usually seen as a multifocal disease in the setting of plasma 
cell myeloma. This section is focused on primary pulmonary 
disease.

 Clinical Features
Most affected individuals with primary pulmonary plasmacy-
toma are adults in the 5th to 7th decades of life, whereas those 
with secondary lung involvement by plasma cell myeloma are 
in the 6th to 9th decades of life, with some overlap for both at 
around 50–60 years of age [112]. Clinical symptoms include 
cough, dyspnea, and hemoptysis. Compression of the airways 
may produce respiratory distress. About 50% of patients with 
a primary pulmonary plasmacytoma have an M-protein, in 
contrast to secondary involvement by plasma cell myeloma 
where a paraprotein is much more common [111]. A solitary 
lung lesion may be treated by surgical resection if there is no 
evidence of disease elsewhere. On the other hand, patients 
with unresectable disease or plasma cell myeloma are treated 
with chemoradiation [111, 113–116].
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Diagnostic Imaging
Primary pulmonary plasmacytomas most commonly mani-
fest as a solitary nodule or mass with a round to oval shape, 

homogeneous density, and smooth, well-delineated margins 
[114, 117] (Fig. 15.76). In a series of five cases reported by 
Koss et  al., tumors ranged from 2.5 to 8  cm in maximum 
diameter and were either peribronchial or involved a major 
bronchus; peribronchial and mediastinal lymph nodes were 
involved in three cases [111]. Less common presentations of 
primary pulmonary plasmacytomas include multiple nod-
ules, lobar consolidation, and diffuse consolidation [115, 
117, 118]. Data on the PET/CT appearance of primary pul-
monary plasmacytoma is sparse. In patients with solitary 
plasmacytoma, whether intraosseous or extraosseous, either 
PET/CT or whole-body magnetic resonance imaging is rec-
ommended to exclude the presence of additional malignant 
lesions [119].

 Pathology
Gross descriptions of pulmonary plasmacytoma are not 
available given its rarity. Microscopically, the tumor is com-
posed of sheets of mature-appearing plasma cells (eccentric 
round nucleus with cartwheel chromatin, inconspicuous 
nucleolus, basophilic cytoplasm with a paranuclear hoff/
clear Golgi zone) that efface the lung parenchyma 
(Figs. 15.77 and 15.78). Scattered plasma cells with promi-
nent nucleolus or few pleomorphic forms may or may not be 
present. Cytoplasmic spherical eosinophilic deposits of 
immunoglobulin (Russell bodies) or intranuclear eosino-
philic immunoglobulin inclusions (Dutcher bodies) are vari-
ably seen. Mitoses may be observed, but apoptotic bodies are 
uncommon unless the tumor exhibits high-grade features. 
The latter include significant pleomorphic forms or blastic Fig. 15.76 Plasmacytoma. CT shows a left upper lobe nodule with a 

ground-glass halo. The adjacent ribs are normal

Fig. 15.77 Pulmonary plasmacytoma. Sheets of mature-appearing 
plasma cells effacing the lung parenchyma. Residual macrophages 
laden with anthracotic pigment are seen (bottom, center)

Fig. 15.78 Higher magnification shows sheets of mature-appearing 
plasma cells
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Fig. 15.79 Secondary lung involvement by plasma cell myeloma with 
interstitial distribution (Courtesy of Dr. Jeanette Ramos)

Fig. 15.80 Secondary lung involvement by plasma cell myeloma with 
interstitial distribution. Higher magnification shows atypical plasma 
cells with an irregular nucleus and prominent nucleolus (Courtesy of 
Dr. Jeanette Ramos)

Fig. 15.81 Plasmacytoma, CD138 immunostain

morphology. In some instances, plasmacytoma can show a 
nested or organoid arrangement similar to that of neuroendo-
crine carcinomas with or without associated chicken-wire 
vasculature. A sclerotic background stroma may or may not 
be present, and some cases may be accompanied by amyloid 
deposits. Secondary involvement by plasma cell myeloma 
occurs as multifocal infiltrates with ill-defined borders with 
or without central necrosis. Interstitial infiltrates containing 
plasma cells may also be seen (Figs. 15.79 and 15.80).

 Immunohistochemistry and Other Ancillary 
Studies
Neoplastic plasma cells are positive for CD138, CD79a, and 
MUM1, restricted for either kappa or lambda light chain, and 
frequently show aberrant expression of CD117 and/or CD56, 
whereas they are weakly positive or negative for CD20, 
PAX5, and CD45 (Figs. 15.81 and 15.82a, b). The neoplastic 
plasma cells are negative for T-cell markers, keratins, mela-
noma markers, or neuroendocrine markers  although rare 
cases of plasmacytoma may show focal expression of T-cell 
markers as well as focal paranuclear dot expression of kera-
tin (usually CAM5.2). EBER ISH is negative. Flow cytome-
try is extremely useful for diagnosis. Plasma cells can be 
assessed for the presence of a monotypic light chain and the 
expression of bright CD38 and CD138, CD56, and CD117. 
With this method, diminished expression or loss of CD19, 
CD45, CD27, and CD81 supports an aberrant plasma cell 
immunophenotype. In a study of 28 cases of extramedullary 
plasmacytoma—although most of them not arising in the 

lung—the majority of cases showed a lack of cyclin D1 
labeling, infrequent expression of CD56, and a lower prolif-
eration index when compared with extramedullary plasma 
cell myeloma [110].
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Table 15.14 Differential diagnosis of pulmonary plasmacytoma

Low-grade (well-differentiated) plasma cell neoplasm
   Inflammatory or reactive process with polytypic plasmacytosis
   IgG4-related lung disease
   Plasma cell granuloma/inflammatory pseudotumor
   Marginal zone lymphoma of mucosa-associated lymphoid tissue 

(MALT lymphoma) with extensive plasmacytic differentiation
   Other small B-cell lymphomas with plasmacytic differentiation
   Low-grade neuroendocrine carcinoma
   Metastatic carcinomas with plasmacytoid morphology

High-grade (poorly differentiated) plasma cell neoplasm
   Primary or metastatic poorly differentiated carcinoma, including 

neuroendocrine carcinoma
   Metastatic amelanotic melanoma

a b

Fig. 15.82 Plasmacytoma. The plasma cells are positive for (a) kappa light chain and negative for (b) lambda light chain by 
immunohistochemistry

 Differential Diagnosis
Primary pulmonary plasmacytoma should be distinguished 
from tumefactive reactive conditions rich in plasma cells, 
namely nonspecific plasmacytic inflammatory infiltrates, 
IgG4-RLD, plasma cell granuloma/inflammatory pseudotu-
mor, as well as from pulmonary MALT lymphoma with 
extensive plasmacytic differentiation and lymphoplasma-
cytic lymphoma involving the lung.

Tumefactive reactive plasmacytic processes are readily 
distinguished from plasmacytoma by performing immuno-
histochemistry or ISH studies for kappa and lambda  light 
chains. Nonspecific plasma cell-rich inflammation, IgG4- 
RLD, and plasma cell granuloma/inflammatory pseudotu-
mor are always polytypic. In addition, plasma cells do not 
show aberrant expression of CD117 and CD56, or loss of 
CD19, CD27, or CD81. In IgG4-RLD and in plasma cell 
granuloma/inflammatory pseudotumor, there is fibrosis with 
storiform arrangement, increased lymphocytes, and variable 
presence of obliterative phlebitis, which are not features of a 
plasma cell neoplasm. IgG and IgG4 are required to confirm 
the diagnosis. Plasmacytomas are only rarely positive for 
IgG4.

Pulmonary MALT lymphoma with extensive plasmacytic 
differentiation and lymphoplasmacytic lymphoma involving 
the lung usually contain a significant number of lympho-
cytes, and this feature is not  seen in pulmonary plasmacy-
toma [120]. Immunohistochemistry for CD20, PAX5, and 
CD45 are positive in MALT lymphoma and lymphoplasma-
cytic lymphoma and only weakly positive to negative in 

plasma cell neoplasms. Strong labeling for cyclin D1 is use-
ful to differentiate  plasma cell neoplasms with small cell 
morphology from lymphoplasmacytic lymphoma or MALT 
lymphoma that are negative for this marker. Plasmacytomas 
with blastic morphology should be distinguished from plas-
mablastic lymphoma that is CD20+/-, CD138+, EBER+, 
immunoblastic DLBCL that is CD20+, PAX5+, CD138-, 
poorly differentiated carcinoma (either primary or meta-
static), neuroendocrine carcinoma, or metastatic melanoma. 
The latter is easily accomplished by performing stains 
for  cytokeratins, neuroendocrine markers, and/or melano-
cytic markers that are negative in plasma cell neoplasms. The 
differential diagnosis of pulmonary plasmacytoma is sum-
marized in Table 15.14.
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 Molecular Findings
Pulmonary plasmacytoma most likely exhibits the same 
molecular alterations as extramedullary plasmacytomas at 
other sites or as plasma cell myeloma. In a study of 38 extra-
medullary plasmacytomas, chromosomal gains were the 
most common cytogenetic abnormality (82%), followed by 
loss of 13q (40%) [121]. In addition, about 40% of cases 
showed IGH breaks, 16% harbor the t(4;14), but not t(11;14), 
t(14;16), and t(8;14) or MALT1, bcl6, or FOXP1 rearrange-
ments were detected. Based on these findings, this study con-
cluded that extramedullary plasmacytoma and plasma cell 
myeloma were closely related at the cytogenetic level, with 
some differences in the distribution of IGH translocation 
partners [121]. However, specific data for primary pulmo-
nary plasmacytoma is lacking.

 Pulmonary Non-Hodgkin Lymphomas 
of T-Cell Origin

 Pulmonary Anaplastic Large Cell Lymphoma 
(ALCL)

 Introduction
Before the advent of immunohistochemistry, ALCL was first 
recognized as histiocytic lymphoma. In 1985, Stein et al. dis-
covered that this tumor was a subtype of T-cell lymphoma 
that expressed CD30 or Ki-1, hence the term Ki-1 antigen- 
positive LCL. [122] Later in the mid-1990s, it was discov-
ered that a subset of ALCLs harbor rearrangements of the 
anaplastic lymphoma kinase-1 (ALK-1), a molecule that has 
been pivotal in the understanding of tumorigenesis and can-

cer molecular biology [123–125]. Primary pulmonary ALCL 
is very rare with only about 25 cases reported to date [126, 
127]. Nevertheless, lung involvement can be seen with sys-
temic disease. In this context, ALCL is the most common 
T-cell lymphoma to involve the lung.

 Clinical Features
The mean age at presentation of ALCL involving the lung is 
~45 years (combined primary and secondary disease), with 
sporadic reports in children and HIV-infected individuals 
[126, 128, 129]. Clinical symptoms include fever, cough, 
dyspnea, malaise, night sweats, and weight loss. Most 
patients have been treated by surgical resection and com-
bined chemotherapy with variable outcomes [126, 128]. The 
presence of ALK and CD30  in this lymphoma has been 
exploited to develop targeted therapies, namely brentuximab 
vedotin (antibody against CD30) or crizotinib (ALK-specific 
inhibitor) [130, 131]. Nevertheless, no studies are available 
to date to evaluate the efficacy of this therapy in primary pul-
monary ALCL.

Diagnostic Imaging
Secondary lung involvement is reported in up to 12% of 
cases of anaplastic large-cell lymphoma (ALCL), while pri-
mary pulmonary ALCL has only been reported in rare cases 
[128]. Rush et al. in their review of five patients with primary 
pulmonary ALCL found parenchymal, endobronchial, or 
intratracheal lesions that ranged from 1.1 to 5  cm in size 
[128] (Fig. 15.83a, b). Feeney and colleagues found increased 
FDG uptake [SUVmax range between 3.3 and 37.0] in lymph 
nodes in 94% of systemic ALCL patients [132]. Similar met-
abolic activity would be expected in lung lesions.

a b

Fig. 15.83 Anaplastic large cell lymphoma. (a, b) CT show solid right lung nodules (arrows). Note also bulky subcarinal adenopathy (asterisk) 
in (a)
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Fig. 15.84 Pulmonary anaplastic large cell lymphoma. Sheets of large 
pleomorphic lymphoma cells, some with horseshoe-shaped nucleus 
(“hallmark” cells)

Fig. 15.85 Higher magnification of pulmonary anaplastic large cell 
lymphoma

Fig. 15.86 Anaplastic large cell lymphoma, CD30 immunostain with 
membranous and paranuclear dot (Golgi) labeling

Pathology
Grossly, ALCL has been described as a tan-white homoge-
neous mass with variable necrosis. On microscopic examina-
tion, ALCL is composed of sheets of large cells with ample 
eosinophilic or amphophilic cytoplasm with variable number 
of cells showing horseshoe-shaped nuclei (“hallmark” cells), 
ring-like nuclei (“doughnut” cells), Reed–Sternberg-like 
cells, and pleomorphic and multinucleated forms (Figs. 15.84 
and 15.85). Nuclear features also include vesicular chromatin 
and variable prominent nucleolus. Mitotic figures and areas 
of necrosis are common. There are several morphologic vari-
ants of ALCL, namely a sarcomatoid, a lympho- histiocytic, a 
neutrophil-rich, an eosinophil-rich, and a small cell variant 
that may pose diagnostic difficulties if this entity is not con-
sidered [133–135]. Pulmonary patterns described in the lung 
include a nodular, scattered nodular pattern with cyst forma-
tion, endobronchial mass with airway obstruction, and intra-
alveolar spread of ALCL cells admixed with fibrin identical 
to the pattern of tumoral pneumonia described for pulmonary 
DLBCL [127].

 Immunohistochemistry and Other Ancillary 
Studies
By definition, ALCL is strongly and diffusely positive for 
CD30, which decorates the neoplastic cells in the membrane 
and in the Golgi zone (paranuclear dot) (Fig.  15.86). The 
tumor cells are also commonly positive for CD43 and 
MUM1. For not well-understood reasons, this T-cell lym-
phoma shows a paradoxical expression of CD4 and cytotoxic 

markers (TIA-1, granzyme B, and/or perforin). CD45, CD2, 
CD3, CD5, CD7, CD8, EMA, and clusterin are variably 
present (Fig. 15.87). Rare cases of ALCL may show focal 
expression of keratins [136, 137]. B-cell markers, CD15, and 
EBV ISH are negative. A subset of ALCLs is positive for 
ALK, and this is the basis for separating this tumor into 
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ALK+ or ALK-negative [133]. Normally, the ALK protein is 
silenced in adult tissues, which makes this immunostain 
highly sensitive and specific for ALK detection. The subcel-
lular localization of ALK in tumor cells, namely nucleus, 
nucleus and cytoplasm, diffusely cytoplasmic, and coarse 
cytoplasmic granules, is an excellent surrogate of the under-

lying translocation partner with the ALK gene (Fig. 15.88a, 
b) (see Molecular findings).

 Differential Diagnosis
Pulmonary ALCL should be distinguished from hematopoi-
etic and non-hematopoietic tumors involving the lung. 
Hematopoietic tumors that should be distinguished from 
ALCL include PTCL, NOS, with large cells, anaplastic 
DLBCL, and PM-LBCL or mediastinal syncytial variant of 
nodular sclerosis CHL extending to the lung. A proper panel 
of immunohistochemical stains is also sufficient to distin-
guish between these entities. Anaplastic DLBCL and 
PM-LBCL are positive for B-cell markers which excludes 
ALCL, and the syncytial variant of nodular sclerosis CHL is 
positive for PAX5 (weak), CD30, and variable for CD15 and 
EBER, while negative for T-cell antigens and 
ALK. PTCL, NOS, with large cells may show an identical 
morphology to ALCL, and only the expression of CD30 and/
or ALK is useful to distinguish between them. A large T-cell 
lymphoma with focal CD30 should not be classified as 
ALCL, whereas a case of PTCL, NOS, diffusely positive for 
CD30 and negative for ALK is difficult to distinguish from 
ALK-negative ALCL. In this context, prior clinical history of 
systemic lymphoma, if any, is useful, in addition to perform-
ing FISH for DUSP22 and TP63 (see molecular findings).

Non-hematopoietic tumors include non-small carcinoma, 
pleomorphic or undifferentiated carcinoma of the lung, met-
astatic carcinoma, metastatic melanoma, a germ cell tumor, 
or a tumor with rhabdoid morphology. Specific morphologic 

Fig. 15.87 Anaplastic large cell lymphoma. Only a subset of tumor 
cells is positive for CD3 by immunohistochemistry

a b

Fig. 15.88 ALK+ anaplastic large cell lymphoma. (a) Nuclear and cytoplasmic positivity is a surrogate marker for the presence of t(2;5)
(ALK::NPM). (b) Restricted cytoplasmic labeling is seen in ALK rearrangements with multiple other gene partners different from NPM
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Table 15.15 Differential diagnosis of pulmonary anaplastic large cell 
lymphoma

Hematopoietic
   Large cell peripheral T-cell lymphoma, not otherwise specified
   Anaplastic diffuse large B-cell lymphoma
   Primary mediastinal large B-cell lymphoma with extension to the 

lung
   Syncytial variant of mediastinal classic Hodgkin lymphoma with 

extension to the lung
Non-hematopoietic
   Non-small cell lung carcinoma
   Pleomorphic or undifferentiated carcinoma of the lung
   Metastatic carcinoma or amelanotic melanoma
   Metastatic germ cell tumor
   Tumors with rhabdoid morphology, including INI1/SMARCB1- 

deficient tumors

variants of ALCL should also be distinguished from non- 
hematopoietic conditions, namely sarcomatoid carcinoma 
or sarcoma from the sarcomatoid variant of ALCL, and 
small cell carcinoma from the small cell variant of ALCL 
[135]. A proper panel of immunohistochemical stains is suf-
ficient to distinguish between all these entities. ALCL is 
negative for keratins with rare exceptions, melanoma mark-
ers, and germ cell markers (OCT3/4, SALL4). Embryonal 
carcinoma is strongly positive for CD30, keratin, and germ 
cell transcription factors and does not express T-cell anti-
gens, ALK, or CD43, which rules out ALCL.  Similarly, 
rhabdoid neoplasms demonstrate loss of INI1 or BRG1 and 
are negative for CD43 and T-cell markers that are positive in 
ALCL.

Due to the rarity of ALCL in the lung, this diagnosis may 
not be suspected, and CD30 and ALK may not be included in 
the immunohistochemical panel used for diagnosis. Caution 
should be taken when interpreting EMA or focal keratins in 
an epithelioid neoplasm as confirmatory of carcinoma since 
ALCL can be positive for EMA, at least focally for keratins, 
and weak to negative for CD3 and CD45 [136, 137]. ALK 
immunohistochemistry is currently used for the detection of 
ALK-mutated lung cancer. If keratins are not diffusely and 
strongly positive in an epithelioid and pleomorphic lung neo-
plasm that is also ALK+ we strongly recommend performing 
a CD30 immunostain to rule out ALCL [138]. The differen-
tial diagnosis of pulmonary ALCL is summarized in 
Table 15.15.

 Molecular Findings
The pathogenesis of ALK+ ALCL is related to the down-
stream effects of ALK activation. The ALK gene is located in 
2p23. Multiple ALK rearrangements with multiple partners 
have been described in ALK+ ALCL, and they correlate with 
the subcellular localization of the ALK protein [133]. The 
most common translocation partner is NPM located in 5q35 
with the t(2;5)(p23;q35) resulting in the fusion protein ALK- 

NPM that can be detected in both nucleus and cytoplasm of 
the neoplastic cells [123–125, 139] (Fig. 15.88). Other gene 
partners include TPM3,  which codifies for tropomyosin 3 
located on chromosome 1, resulting in t(1;2) and ALK pro-
tein expression restricted to the cytoplasm (Fig. 15.88), and 
CLTC, which codifies for the clathrin heavy chain located on 
chromosome 17, resulting in t(2;17) and cytoplasmic ALK 
protein expression with a coarse granular pattern. Multiple 
other less common gene partners are also known but are out-
side the scope of this chapter. All these translocations result 
in ALK activation with downstream activation of multiple 
signaling pathways, including JAK/STAT and PIK-AKT. As 
expected, ALK-negative ALCL does not harbor ALK translo-
cations. A recent study has shown that ALK-negative ALCL 
harbors DUSP22 and TP63 rearrangements that are found in 
30% and 8% of cases, respectively [140]. Cases with 
DUSP22 alterations have an intermediate prognosis as com-
pared to ALK+ ALCL, while those with TP63 alterations 
have a bad prognosis [140]. Cases that are negative for ALK, 
DUSP22, and TP63 rearrangements are known as “triple- 
negative ALCL.” T-cell receptor (TCR) clonality is positive 
in 90% of ALCLs; however, clonality can be negative in 
cases with a “null” phenotype.

 Pulmonary Peripheral T-Cell Lymphoma, Not 
Otherwise Specified (PTCL, NOS)

 Introduction
Primary PTCL of the lung is extremely rare, whereas sys-
temic disease is usually diagnosed at an advanced stage. 
Lung involvement was seen in 8% of 340 PTCL, NOS cases 
[141]. PTCL, NOS is a diagnosis of exclusion and only made 
after other specific categories of TCL recognized by the 
WHO have been ruled out, namely ALCL, angioimmuno-
blastic T-cell lymphoma, NK/T-cell lymphoma, mycoses 
fungoides, etc. These specific categories involved the lung 
even more rarely than PTCL, NOS and are only briefly 
 mentioned in this section for the purpose of differential 
diagnosis.

 Clinical Features
In general, PTCL, NOS is a disease of adults (median age 60 
years) [141], and lung involvement occurs in this same age 
group. Most patients have a known or relatively recent his-
tory of PTCL, NOS diagnosed at other sites and the develop-
ment of respiratory symptoms triggers a pulmonary 
evaluation. Respiratory symptoms are common but are non-
specific, and in some patients, symptoms can mimic a pneu-
monic process that does not resolve with antibiotics. The 
outcome of PTCL, NOS is overall poor despite the use of 
chemotherapy (CHOP).
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Fig. 15.89 Pulmonary T-cell lymphoma. The lung parenchyma is 
effaced by small and intermediate atypical lymphoid cells with irregu-
lar hyperchromatic nucleus admixed with macrophages and piecemeal 
necrosis. The patient had a history of systemic T-cell lymphoma

Fig. 15.90 Pulmonary T-cell lymphoma. The lymphoma cells are pos-
itive for CD3 by immunohistochemistry

Fig. 15.91 Pulmonary T-cell lymphoma. The CD3+ T-cells are nega-
tive for CD7

 Pathology
In the lung, PTCL, NOS may be observed as a nodular pat-
tern with replacement of the architecture, or as a diffuse pat-
tern with infiltration of interlobular septa, alveolar walls, and 
pleura [127]. A perivascular arrangement with or without 
vasculitis may or may not be seen. Necrosis is also variably 
seen (Fig.  15.89). The morphology of PTCL, NOS is 
extremely variable, ranging from monotonous small lym-
phocytes, polymorphic infiltrates with abundant macro-
phages, eosinophils, and plasma cells, to cases mimicking 
CHL or ALCL. The lymphoma cells usually have a convo-
luted or irregular nucleus with thick nuclear membranes, 
condensed chromatin, and inconspicuous nucleolus. The 
cytoplasm may be scant to moderate, clear, or eosinophilic 
(Fig. 15.89). Cases resembling CHL feature a variable num-
ber of Reed–Sternberg-like cells or sheets of pleomorphic or 
anaplastic cells indistinguishable from ALCL.

 Immunohistochemistry and Other Ancillary 
Studies
PTCL, NOS is positive for T-cell markers (CD2, CD3, CD5, 
CD7, CD43, and bcl-2) but usually >1 of these markers is 
aberrantly decreased or completely absent (Figs. 15.90 and 
15.91). CD45 may also be decreased and lost in a subset of 
cells. The majority of cases are CD4+ and CD8-negative, 
followed by cases that are CD8+ and CD4-negative, and a 
few cases that are either double negative or double positive 
for CD4 and CD8. Cases of PTCL, NOS that demonstrate a 

T follicular helper phenotype (CD4+, CD10+, bcl-6+, 
CXCL13+, CD57+, and PD-1+) should be classified as such 
and not included in this category. CD8+ PTCL, NOS, may 
express >1 of the cytotoxic markers TIA-1, granzyme B, or 
perforin. CD30 is variably positive, but not strong and dif-
fuse, and may be seen in up to 50% of cases. Antibodies for 
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the TCR receptor beta (beta F1) and TCR gamma are com-
mercially available and may be useful for diagnosis. All lym-
phoid cells positive for TCR beta F1 and negative TCR 
gamma or vice versa support a clonal T-cell process. 
However, not all pathology laboratories have these antibod-
ies, and these markers may be difficult to interpret in cases 
with abundant reactive T-cells in the background. PTCL, 
NOS, is negative for B-cell markers and ALK. PTCL, NOS, 
typically has very few to rare B-cells in the background. 
Although most cases are negative for CD56 and EBER ISH, 
occasional cases may show focal to variable CD56 expres-
sion and rare cases may show positivity for EBER.

Flow cytometry immunophenotyping is a sensitive 
method to detect subtle abnormalities of T-cell markers and 
to detect small aberrant T-cell populations that may not be 
readily recognized by morphology [142]. Flow also permits 
better evaluation of the expression of TCR A/B and TCR 
G/D, with clonal populations showing positivity for one or 
the other but not for both receptors.

 Differential Diagnosis
PTCL, NOS should be distinguished from chronic reactive 
inflammatory processes, B-cell lymphomas, CHL, LYG, and 
other TCLs. PTCL, NOS is a wastebasket category (diagno-
sis of exclusion) for any TCL that does not fit in a specific 
category recognized by the WHO, namely ALCL, angioim-
munoblastic T-cell lymphoma, NK/T-cell lymphoma, myco-
ses fungoides, etc.

PTCL, NOS with predominant small cell morphology needs 
to be distinguished from a chronic lymphoid or lymphohistio-
cytic inflammatory infiltrate. These processes show a mixture 
of CD4+ and CD8+ T-cells and no loss or decreased expression 
of T-cell markers, and they have aggregates of B-cells.

B-cell lymphomas are readily recognized by the expres-
sion of B-cell markers (CD20, PAX5, and CD79a) and nega-
tive T-cell markers that only highlight background small 
T-cells. Reactive background T-cells in B-cell lymphomas 
are also composed of a mixture of CD4+ and CD8+ cells, 
and they do not show loss of T-cell-related antigens.

PTCL, NOS with polymorphic morphology and scattered 
Reed–Sternberg-like cells should be distinguished from 
CHL or LYG. In these cases, the Reed–Sternberg-like cells 
have a T-cell phenotype similar to that of the atypical smaller 
lymphocytes; they may be positive for CD30 but are negative 
for B-cell markers including PAX5. This is not the pheno-
type seen in CHL (CD15+/−, CD30+, PAX5 dim) and/or 
LYG (an EBV+ B-cell lymphoproliferative disorder).

PTCL, NOS with large cells with negative or focal CD30 
should not be classified as ALCL, whereas a case of PTCL, 
NOS diffusely positive for CD30 and negative for ALK is 

difficult to distinguish from ALK-negative ALCL.  In this 
context, prior clinical history of systemic ALCL is useful, as 
well as the results of FISH for DUSP22 and TP63 (see the 
corresponding section). Cases of PTCL, NOS that demon-
strate a T follicular helper phenotype (CD4+, CD10+, bcl- 
6+, CXCL13+, CD57+, and PD-1+) should be classified as 
such and not included in this category. A history of a prior 
nodal or systemic T-cell lymphoma with T follicular helper 
phenotype may or may not be available. CD8+ PTCL, NOS, 
may express >1 of the cytotoxic markers TIA-1, granzyme 
B, or perforin. These cases may also show vasculitis and 
extensive necrosis. Nevertheless, these cases are negative for 
CD56 and EBER in contrast to the phenotype seen in NK/T- -
cell lymphoma (CD56+  and EBER+ in almost all cases) 
(Fig.  15.92a–c). Mycoses fungoides and Sezary syndrome 
with lung involvement (so-called visceral mycoses fungoi-
des) may be seen in the late stages of disease, and this con-
fers poor prognosis [143, 144]. In these conditions, a lung 
infiltrate is suggestive of pneumonia, and a lung biopsy dem-
onstrates infiltration by lymphoma cells with cerebriform 
nuclear morphology or large cells, if large cell transforma-
tion has occurred (Fig. 15.93a–d). A prior history of mycoses 
fungoides or Sezary syndrome is crucial to further classify 
the presence of an interstitial or nodular pulmonary lym-
phoid infiltrate as lymphomatous involvement [144]. 
Mycoses fungoides and Sezary syndrome are positive for 
CD2, CD3, CD4, and CD5 with frequent loss of CD7 and are 
negative for CD8 and EBER. CD30 may be positive in cases 
of large cell transformation.

 Molecular Findings
Molecular studies may be helpful in some cases to iden-
tify a clonal TCR gene rearrangement. However, interpre-
tation of clonality should be done with caution as some 
reactive inflammatory processes may be oligoclonal or 
suggestive of clonality, whereas cases of PTCL, NOS can 
be negative for TCR gene rearrangements. Similar to the 
cell of origin classification in DLBCL, NOS, recent gene 
expression profiling data obtained from PTCL, NOS cases 
have identified two subgroups of this lymphoma charac-
terized by the expression of the transcription factors 
GATA3 or TBX21, main regulators of the Th2 and Th1 dif-
ferentiation pathways, respectively [145, 146]. Using an 
immunohistochemical classifier with these two markers, 
PTCL, NOS cases can now be categorized as GATA3+ or 
TBX21+, with the former group showing a more common 
cytotoxic phenotype, greater genomic complexity, and 
worse prognosis [145–147]. However, it is uncertain if 
any of these subgroups may be enriched by cases of pul-
monary PTCL, NOS.
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a b

c

Fig. 15.92 Extranodal NK/T-cell lymphoma. (a) Vasculitis and diffuse sheets of lymphoma cells of small and intermediate size. (b) Some areas 
show extensive necrosis and residual glands and blood vessels. (c) EBER in situ hybridization is positive in the lymphoma cells

 Pulmonary Classic Hodgkin Lymphoma (CHL)

 Introduction
Primary pulmonary CHL defined as the presence of con-
fined lung disease at initial presentation with/without mini-
mal hilar lymph node involvement and exclusion of disease 
at distant sites by clinical, imaging, and pathologic findings 
is extremely rare, mostly consisting of sporadic case reports 
[148–155]. However, according to some series, lung 

involvement is relatively common in extranodal CHL [152]. 
On the other hand, thoracic involvement is more commonly 
seen as anterior or middle mediastinal disease with exten-
sion into the lung or as extranodal disease in advanced 
stages. For all these reasons, the exclusion of mediastinal 
or extrathoracic disease is mandatory before making a 
diagnosis of primary pulmonary CHL. Please see the chap-
ter on mediastinal lymphoproliferative lesions for addi-
tional information on CHL.
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a b

c d

Fig. 15.93 Pulmonary involvement by mycoses fungoides (so-called 
visceral mycosis fungoides). The patient had a long-standing history of 
mycosis fungoides in advanced stage and presented with clinical and 
radiologic features suggestive of pneumonia. (a) The alveolar intersti-
tium is distended and filled with numerous atypical lymphoid cells. The 

alveolar spaces contain abundant macrophages. (b) Atypical lymphoid 
cells with cerebriform nuclei filling the interstitium. (c and d) 
Immunohistochemistry for CD3 highlights the lymphoma cells and 
accentuates the cerebriform nuclear morphology

 Clinical Features
Primary pulmonary CHL is more common in women 
(median age 40 years), which is 1–2 decades later than the 
first peak seen in mediastinal nodular sclerosis CHL. Lung 
involvement by CHL can occur in three different clinical 
contexts: (1) direct extension from the anterior or middle 

mediastinum, (2) recurrence in the lung in an area just out-
side the field of prior radiation therapy of mediastinal CHL, 
or (3) metastatic disease. Clinical symptoms include cough, 
dyspnea, hemoptysis, and B symptoms. Prognosis is vari-
able, with some studies showing favorable survival [152]. 
Localized disease occurring in young individuals responds 

S. Pina-Oviedo et al.



533

better to chemotherapy, whereas extensive disease may be 
accompanied by multiple co-morbidities with a worse 
outcome.

Diagnostic Imaging
Lung involvement occurs in approximately 10% of Hodgkin’s 
lymphoma (CHL) patients at diagnosis [156]. Parenchymal 
involvement in CHL is almost always associated with medi-
astinal and/or hilar lymphadenopathy, and usually there is a 
contiguous spread of disease from lymph nodes [43] 
(Figs.  15.94 and 15.95). Isolated parenchymal CHL is 
extremely rare [43]. In their CT review of 15 patients with 
CHL of the lung, Lewis et al. found that the most common 
CT abnormality was a mass or mass-like consolidation, seen 
in 80%; other manifestations were nodules less than 1  cm 
(67%), alveolar or interstitial opacities (40%), and peribron-
chial or perivascular thickening (40%) [157]. HL typically 
shows high FDG uptake on PET/CT [74] (Fig. 15.96).

 Pathology
Nowadays sampling of a lung lesion is usually accom-
plished via an imaging-guided needle biopsy or a transbron-
chial biopsy, and the diagnosis is established either in a 
cytology specimen, a core-needle biopsy, or a transbron-
chial biopsy. If the diagnosis of pulmonary lymphoprolifer-
ative disorder is rendered in any of these specimens, then a 
wedge resection or a lobectomy is not necessary. However, 
a resection may be still be done when a biopsy is inconclu-
sive for diagnosis.

The most common subtype of CHL involving the lung is 
nodular sclerosis (70–80% of cases), followed by mixed cel-
lularity (20–30%). However, extranodal CHL tends not to be 
subclassified. In the lung, CHL spreads in a bronchovascular 
distribution, in a lymphangitic pattern, or may form a large 
cavitated mass or multiple solid masses (Fig.  15.97). CHL 

a b

Fig. 15.94 Hodgkin’s lymphoma. (a) CT (lung windows) shows a mass (M) in the left lung, and (b) CT (soft tissue windows) shows intrathoracic 
adenopathy (asterisks)

Fig. 15.95 Hodgkin’s lymphoma. CT shows right-sided peribronchial 
thickening (dashed oval), contiguous with intrathoracic adenopathy 
(asterisks)

Fig. 15.96 Hodgkin’s lymphoma. PET/CT shows an FDG-avid mass 
in the left lung (arrow) in addition to FDG-avid intrathoracic 
adenopathy
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Fig. 15.97 Pulmonary classic Hodgkin lymphoma. The bronchial wall 
is involved by a polymorphic infiltrate with scattered Reed–Sternberg 
cells

Fig. 15.98 Polymorphic inflammatory infiltrate of neutrophils, eosin-
ophils, macrophages, and small lymphocytes and scattered Reed–
Sternberg cells

Fig. 15.99 Classic Reed–Sternberg cells with “owl’s eye” appearance 
(center)

Fig. 15.100 Reed–Sternberg cells with retraction artifact (“lacunar” 
cells)

extending from the mediastinum shows visceral pleural 
involvement and penetration into the lung parenchyma. CHL 
consists of a fibrous background and a mixture of small lym-
phocytes, eosinophils, neutrophils, plasma cells, and macro-
phages with a variable number of Reed–Sternberg cells 
(Fig.  15.98). “Classic” Reed–Sternberg cells are usually 
binucleated and have large eosinophilic or basophilic nucleoli 

surrounded by a clear halo imparting these cells an “owl’s eye” 
appearance (Fig.  15.99). The cytoplasm is abundant and 
eosinophilic to amphophilic. Variants of Reed–Sternberg 
cells include Hodgkin cells (monolobated), “lacunar” cells, 
“mummified” cells, and multinucleated cells with nuclei in a 
wreath-like configuration (Figs. 15.100 and 15.101). Despite 
“lacunar” cells having been reported more frequently in nod-
ular sclerosis CHL and “classic” Reed–Sternberg cells in 
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Fig. 15.101 Mummified” cell (arrow) with smudgy chromatin and 
glassy eosinophilic cytoplasm

Fig. 15.102 Syncytial variant of nodular sclerosis classic Hodgkin 
lymphoma. Sheets of Reed–Sternberg cells with only a few scattered 
small lymphocytes

Fig. 15.103 Recurrent pulmonary classic Hodgkin lymphoma. The 
Reed–Sternberg cells have spindle morphology and resemble a sarco-
matoid neoplasm

mixed cellularity CHL, any variant can be seen in any sub-
type of CHL. When Reed–Sternberg cells form solid sheets 
that are associated with necrosis or an abscess, it consti-
tutes the syncytial variant of CHL (Fig. 15.102). Necrotizing 
granulomas and microabscesses may or may not be identi-
fied, sometimes prominent enough to obscure the recognition 
of Reed–Sternberg cells, particularly in cavitated lesions. 

Cases of recurrent CHL or post- therapy may be composed of 
sheets of Reed–Sternberg cells with marked pleomorphism 
and/or spindle morphology (Fig. 15.103).

 Immunohistochemistry and Other Ancillary 
Studies
Reed–Sternberg cells, which are the neoplastic component in 
CHL, are always strongly positive for CD30, variably positive 
for CD15 (60–70%), positive for MUM1/IRF4 (>90%), weakly 
positive for PAX5 when compared to background B-cells, and 
negative for CD45, CD20 (only seen in 10–20% of cases), bcl-
6, BOB.1, OCT2, ALK, CD79a, and T-cell markers [158, 159], 
(Figs. 15.104, 15.105, 15.106 and 15.107). Only 1–2% of CHL 
cases may show expression of T-cell markers. CD30 and CD15 
decorate Reed–Sternberg cells in a membranous and Golgi 
(paranuclear dot) pattern, but some cases may show diffuse 
cytoplasmic labeling (Fig. 15.104). CD15 may be seen only as 
a cytoplasmic granular pattern (Fig. 15.105). Reed–Sternberg 
cells are positive for PD-L1 and PD-L2, which justifies treat-
ment with checkpoint inhibitor molecules (see also molecular 
findings) [160–163]. Nodular sclerosis CHL is only occasion-
ally associated with EBV infection, whereas in mixed cellular-
ity CHL EBV infection is frequent. Therefore, EBER ISH and/
or LMP1 immunohistochemistry are more frequently detected 
in cases of mixed cellularity [164–166]. Expression of EBER 
and LMP1 in CHL indicates a type II latency infection. The 
non- neoplastic component in CHL consists mostly of T-cells 
with an increased CD4 to CD8 ratio. CD3 usually highlights 
T-cells rimming Reed–Sternberg cells (Fig.  15.108). 
Macrophages are positive for CD68 and/or CD163. Flow 
cytometry is not a helpful tool to diagnose CHL.
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a b

Fig. 15.104 Reed–Sternberg cells are strongly positive for (a) CD30 and have a weak expression of (b) PAX5 when compared to background 
B-cells (double labeling: CD30-red, alkaline phosphatase; PAX5-brown, peroxidase)

Fig. 15.105 Membranous and granular pattern of CD15  in Reed–
Sternberg cells along with paranuclear dot patterns

Fig. 15.106 The CD20 immunostain is negative to weakly positive in 
Reed–Sternberg cells (center and left)
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Table 15.16 Differential diagnosis of pulmonary classic Hodgkin 
lymphoma

Granulomatous inflammatory process
Neoplastic
Hematopoietic
   • Lymphomatoid granulomatosis, grades 1 and 2
   • Pulmonary Langerhans cell histiocytosis
If syncytial variant of classic Hodgkin lymphoma:
   – Primary mediastinal large B-cell lymphoma with extension to 

the lung
   – Lymphomatoid granulomatosis, grade 3
   – Anaplastic large cell lymphoma
Non-hematopoietic
   • Poorly differentiated lung carcinoma
   • Metastatic carcinoma or amelanotic melanoma
If recurrent disease with spindle cell morphology of Reed–Sternberg 
cells:
   – Sarcomatoid carcinoma
   – Sarcoma

Fig. 15.107 The CD45 immunostain is negative in Reed–Sternberg 
cells

Fig. 15.108 Reed–Sternberg cells are negative for CD3. There are 
numerous background T-cells including some around Reed–Sternberg 
cells

 Differential Diagnosis
Pulmonary CHL should be distinguished from a reactive 
granulomatous process, pulmonary Langerhans cell histio-
cytosis, or LYG (grades 1 and 2), whereas cases of the syn-
cytial variant may resemble grade 3 LYG, pulmonary 
DLBCL, PM-LBCL with lung involvement, pulmonary 
ALCL, poorly differentiated primary lung carcinoma, or a 

lung metastasis. Recurrent CHL with spindle morphology 
mimics sarcomatoid carcinoma, pleomorphic carcinoma, or 
sarcoma. A proper panel of immunohistochemical markers 
is required to differentiate between all these lesions. Reed–
Sternberg cells are negative for epithelial or melanoma 
markers, which rules out carcinoma, sarcomatoid carci-
noma, and melanoma.

LYG can be readily distinguished from pulmonary CHL 
by the clinical context of a young patient with multiple lung 
nodules and underlying immunosuppression, as well as by 
the presence of vasculitis and expression of CD45, CD20, 
CD79a, PAX5 (strong), and EBER ISH in large cells, even 
in those cells with Reed–Sternberg-like morphology. 
Although Reed–Sternberg cells in mixed cellularity CHL 
are frequently positive for EBER, their immunophenotype 
differs from that seen in LYG. Likewise, pulmonary DLBCL 
and PM-LBCL with lung involvement are readily distin-
guished from the syncytial variant of CHL by the strong 
expression of B-cell markers in the tumor cells. Pulmonary 
ALCL is a T-cell lymphoma with strong expression of CD30 
and of other T-cell markers, and ALK may be positive or 
negative. ALCL is negative for PAX5, CD15, CD20, and 
EBER ISH.

Pulmonary Langerhans cell histiocytosis may resemble a 
nodule of CHL at low magnification. However, in the former, 
there are Langerhans cells with reniform to cleaved nucleus, 
a variable number of eosinophils, and multinucleated cells 
but no Reed–Sternberg cells. Langerhans cells are positive 
for CD1a, S100, and langerin/CD207 and negative for CD15, 
CD30, or PAX5. The differential diagnosis of pulmonary 
CHL is listed in Table 15.16.

 Molecular Findings
The features described here refer to nodal disease, and it is 
likely that the pathogenesis may be similar to extranodal 
cases. Reed–Sternberg cells are germinal center/post germi-
nal center B-cells that have undergone somatic hypermuta-
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tion with crippled B-cell genes but have escaped the negative 
selection process [167–169]. These cells have a defective 
B-cell differentiation program and harbor crippling muta-
tions on immunoglobulin expression genes, which explains 
the decreased expression of CD20, PAX5, and the transcrip-
tion factors OCT2 and BOB.1 [167, 170–172]. Reed–
Sternberg cells are resistant to apoptosis by multiple 
different mechanisms, including canonical and noncanoni-
cal activation of the NK-κB pathway and activation of the 
JAK/STAT pathway [173–175]. Activation of NK-κB is 
used by Reed–Sternberg cells to attract the supportive 
microenvironment of inflammatory cells and stromal cells 
characteristic of this lymphoma. EBV infection also induces 
NK-κB activation with potential oncogenic results [176]. 
Some genetic abnormalities in CHL overlap with those of 
PM-LBCL, including mutations of SOCS1, a negative regu-
lator in the JAK/STAT pathway [177–180], as well as fre-
quent alterations at 9p24 with overexpression of PD-L1/
PD-L2 and JAK2 that result in a suppressive immune 
response and increased cellular proliferation, respectively 
[163, 181]. Expression of PD-L1/PD-L2 makes antibody 
therapies against PD-1 an excellent treatment for 
CHL. Clinical trials using these blocking agents have shown 
promising results in refractory/relapsed disease [182, 183]. 
Last, it appears that the Reed–Sternberg cell morphology 
may be related to mechanisms of incomplete cytokinesis 
and cell re-fusion secondary to mutations in midbody/cen-
tromere proteins and to cellular endomitosis without divi-
sion of the cell nucleus [184].

 Myeloid Neoplasms: Pulmonary Acute Myeloid 
Leukemia/Myeloid Sarcoma

 Introduction
Extramedullary myeloid sarcoma (a tumor of immature 
myeloid cells and blasts) is uncommon, in general reported 
as <10% of all acute myeloid leukemias [156]. Primary lung 
involvement by acute myeloid leukemia is even rarer [185–
187]. The majority of cases reported in the literature include 
individuals with a diagnosis of acute leukemia in advanced 
stage [188] or involvement of the lung in the form of a mass 
or myeloid sarcoma (also known as granulocytic sarcoma or 
chloroma) [189–196]. Myelomonocytic and monocytic leu-
kemias have a predilection to involve extranodal tissue; how-
ever, no particular subtype of acute myeloid leukemia has 
specific lung tropism.

 Clinical Features
According to Wilson and Medeiros, who presented the results 
of the 2013 Society of Hematopathology/European 
Association of Hematopathology workshop for extramedul-
lary manifestations of myeloid neoplasms [197], extramedul-
lary acute myeloid leukemia/myeloid sarcoma can be divided 
into four different subgroups: (1) isolated myeloid sarcoma; 

(2) myeloid sarcoma and concurrent acute myeloid leukemia; 
(3) myeloid sarcoma as relapse after chemotherapy or post-
transplant therapy; and (4) blast phase/transformation of an 
underlying myelodysplastic syndrome, myeloproliferative 
neoplasm, or chronic myelomonocytic leukemia [197]. 
Patients with significant pulmonary involvement by acute 
myeloid leukemia are usually at advanced stages and present 
with respiratory failure in the setting of hyperleukocytosis. 
Clinically, the symptoms are suspicious of a pneumonic pro-
cess, pulmonary edema, pulmonary hemorrhage, or transfu-
sion-related acute lung injury [198]. Pulmonary myeloid 
sarcoma presents as any of the subgroups described above 
with symptoms related to a mass, including nonproductive or 
productive cough, dyspnea, hemoptysis, and respiratory dis-
tress if the lesion involves an airway. The treatment of myeloid 
sarcoma includes chemotherapy regimens similar to those 
used for acute myeloid leukemia. Some patients may have 
delayed initiation of chemotherapy as a lung infiltrate may be 
originally thought to be an infectious process until the diag-
nosis of leukemia is confirmed by morphology.

 Diagnostic Imaging
Leukemic pulmonary infiltration, defined as extravascular 
collections of leukemic cells in the lung parenchyma, has 
a variety of manifestations including a bronchovascular- 
lymphangitic pattern (Fig.  15.109) mimicking lymphan-
gitic carcinomatosis; lung nodules (Fig.  15.110); and 
ground- glass and consolidative opacities where consolida-
tive opacities may predominate in the peribronchovascular 
regions as a result of infiltration of parenchyma adjacent to 
perilymphatic tissues in the pulmonary interstitium [199]. 
Leukemic pulmonary infiltration can occur in all the major 
leukemias and, at autopsy, is present in 20–40% of patients 
with leukemia [156].

Imaging in pulmonary leukostasis, which results from the 
accumulation of leukemic cells in small vessels, may be nor-
mal or may resemble interstitial or alveolar edema [156, 

Fig. 15.109 Leukemic pulmonary infiltration. CT shows a 
bronchovascular- lymphangitic pattern mimicking lymphangitic carci-
nomatosis with thickening of interlobular septa (thin arrow) as well as 
thickening of the peribronchovascular interstitium (thick arrow)
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188]. Proposed mechanisms of edema in leukostasis include 
increased capillary permeability edema related to the pres-
ence of numerous leukemic cells or cardiac failure from 

coronary artery leukostasis [156]. Leukostasis occurs most 
commonly in acute myelocytic leukemia (AML) but is also 
seen the blast phase of chronic myelocytic leukemia (CML).

Imaging manifestations of leukemic cell lysis pneumop-
athy, an acute respiratory distress syndrome that occurs usu-
ally within 10–48  h after the start of chemotherapy in 
patients with high leukocyte counts, are those of acute respi-
ratory distress syndrome and include extensive bilateral air-
space consolidation [188]. Leukemic cell lysis pneumopathy 
is most often seen in patients with acute lymphocytic leuke-
mia [200].

Hyperleukocytic reaction is another type of acute 
respiratory distress syndrome in which the onset of clini-
cal respiratory symptoms and diffuse lung opacities on 
imaging parallels a rapid increase in the leukocyte count 
and the number of blast cells [201]. Hyperleukocytic reac-
tion is more common in AML and in the blast phase of 
CML [201].

In leukemia, PET/CT is helpful in the detection of 
Richter transformation in chronic lymphocytic leukemia 
(CLL), extramedullary involvement in acute leukemia, and 
myeloid sarcoma [202]. Myeloid sarcoma, a rare presenta-
tion of AML, is defined as an extramedullary tumor mass 
consisting of immature or mature myeloid blast cells [197]. 
Myeloid sarcoma of the lung is extremely rare and may 
manifest with discrete or ill-defined nodules or masses or 
with masslike consolidation [189, 203] (Fig.  15.111a, b). 
Ueda et al. found that SUVmax ranged from 2.6 to 9.7  in 
seven patients with myeloid sarcoma though no patients in 
their study had pulmonary myeloid sarcoma [204].

Fig. 15.110 Leukemic pulmonary infiltration. CT shows a left lower 
lobe nodule (arrow) with air bronchograms

a b

Fig. 15.111 Myeloid sarcoma. (a) CT shows a right upper lobe mass (M), (b) PET/CT fused axial image shows that the majority of the mass is 
FDG-avid. Central photopenia is the result of central necrosis
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 Pathology
Acute myeloid leukemia that involves the lung in the setting 
of hyperleukocytosis consists of conspicuous infiltrates of 
blasts of intermediate to large size with oval to cleaved 
nucleus, fine chromatin, prominent nucleolus, and a moder-
ate amount of granular eosinophilic cytoplasm with a lym-
phangitic, intravascular, septal, or pleural interstitial pattern 
of involvement with variable distention of these spaces 
depending on the burden of disease [188] (Figs.  15.112, 
15.113 and 15.114). In contrast, pulmonary myeloid sar-
coma consists of a mass or tumefactive lesion made of sheets 
of immature myeloid cells and blasts (with similar features 
as described above) that disrupt the lung architecture [185– 
187, 190–196] (Figs. 15.115 and 15.116). Myeloid sarcoma 
may contain a variable number of eosinophils, particularly in 
those cases arising in the setting of a myeloproliferative neo-
plasm or acute myelomonocytic leukemia with inv [16]. 
Myeloid sarcomas composed preferentially of left-shifted 
myeloid cells (promyelocytes, myelocytes, metamyelocytes) 
include those cases arising in the setting of chronic myeloid 
leukemia. Abundant mitoses and necrosis are variably seen, 
and some cases may show a starry-sky pattern. Because the 
majority of patients with acute myeloid leukemia/myeloid 
sarcoma are immunosuppressed either by the underlying dis-
ease or due to chemotherapy, areas of necrosis and adjacent 
uninvolved tissue should be evaluated carefully to exclude 
the presence of a concomitant opportunistic microorganism.

Fig. 15.112 Acute myeloid leukemia involving the lung in a patient 
with hyperleukocytosis. All blood vessels are filled with blasts. This 
pattern is also seen in intravascular large B-cell lymphoma

Fig. 15.113 Acute myeloid leukemia involving the lung in a patient 
with hyperleukocytosis. All blood vessels and capillaries are filled with 
blasts

Fig. 15.114 Acute myeloid leukemia involving the lung in a patient 
with hyperleukocytosis. At higher magnification, the blasts show inter-
mediate to large size with oval to cleaved nucleus, fine chromatin, and 
scant cytoplasm
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Fig. 15.115 Myeloid sarcoma is composed of sheets of blasts of inter-
mediate to large size with oval to cleaved nucleus, occasional promi-
nent nucleus, vesicular chromatin, and a moderate amount of pale 
eosinophilic cytoplasm

Fig. 15.116 Myeloid sarcoma. Higher magnification showing detail 
of the blasts with oval to cleaved nucleus, occasional prominent 
nucleus, vesicular chromatin, and a moderate amount of pale eosino-
philic cytoplasm

Fig. 15.117 Myeloid sarcoma, the blasts are positive for myeloperoxi-
dase by immunohistochemistry

 Immunohistochemistry and Other Ancillary 
Studies
Myeloblasts are usually positive for CD34, CD33, CD117, 
CD11c, myeloperoxidase, and lysozyme with variable to 
weak expression of CD45 (Fig.  15.117). If the leukemic 

infiltrate/myeloid sarcoma has monocytic differentiation, the 
blasts express CD4, CD14, CD33, CD64, and CD68 and 
they show variable expression of CD117 and are typically 
negative for CD34 and CD163. Acute myeloid leukemia/
myeloid sarcoma is positive for CD43, CD123, and MNDA, 
and some cases can show expression of CD7, CD56, CD19, 
and/or PAX5 (the last are seen in cases of acute myeloid leu-
kemia with t(8;21)). TdT is variably expressed and does not 
translate into a diagnosis of lymphoblastic leukemia. ERG is 
also positive in immature myeloid cells and acute myeloid 
leukemia [205]. Thus, expression of ERG in an epithelioid 
tumor should not always translate into a lesion of vascular 
origin, particularly in a patient with a history of leukemia. 
Myeloblasts are negative for CD3 and most of the other 
T-cell markers and for CD20 and CD79a. If the diagnosis of 
acute myeloid leukemia is already well-established, a limited 
panel of markers similar to those of original leukemia can be 
used to confirm the phenotype in a pulmonary infiltrate or a 
mass-forming lesion suspicious for myeloid sarcoma. If a 
leukemia has a particular phenotype, namely megakaryo-
cytic or erythroid origin, additional megakaryocytic markers 
(CD42b, CD61) or erythroid markers (CD71, glycophorin, 
hemoglobin A) should be performed.

Flow cytometry is very useful when it is available, but 
tissue may not always be collected for this test when a lung 
mass is detected, particularly in cases with no prior history of 
acute myeloid leukemia. If fresh tissue or unstained slides 
are prepared, FISH may be used to detect a particular trans-
location or a rearrangement of specific acute myeloid leuke-
mias subtypes, namely acute myeloid leukemia with t(8;21)
(RUNX1::RUNX1T1), acute promyelocytic leukemia 
[t(15;17)(PML::RARA)], monocytic sarcoma (MLL/KMT2A 
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rearrangement), or a blast phase in chronic myeloid leuke-
mia [t(9;22)(BCR::ABL1)]. Next-generation sequencing 
may help to reclassify difficult cases of myeloid sarcoma that 
present as a lung mass with no peripheral blood or bone mar-
row involvement.

 Differential Diagnosis
Acute myeloid leukemia that involves the lung in the set-
ting of hyperleukocytosis should be distinguished from 
intravascular LBCL.  The morphology of intravascular 
myeloblasts is usually distinct, with more abundant granu-
lar cytoplasm and cleaved nucleus, in contrast to the cen-
troblastic or immunoblastic morphology seen in 
intravascular LBCL.  A clinical history of acute myeloid 
leukemia  is extremely informative since pulmonary 
involvement usually does not go unnoticed as it may occur 
in patients with intravascular LBCL. Immunohistochemical 
stains for CD20, PAX5, CD34, CD117, myeloperoxidase, 
and/or lysozyme are sufficient to confirm the diagnosis. 
Blastic plasmacytoid dendritic cell neoplasm is positive 
for CD4, CD56, CD123, and TCL1 and negative for 
myeloperoxidase and B- and T-cell markers and should 
also be distinguished from acute myeloid leukemia since 
the treatment is different.

Pulmonary myeloid sarcoma should be distinguished 
from LBL, high-grade DLBCL, Burkitt lymphoma, small 
cell carcinoma, or any small blue round cell tumor primary 
or metastatic to the lung. Prior clinical history of acute 
myeloid leukemia is very important to support or exclude the 
diagnosis. Immunohistochemical stains for CD43, CD45, 
myeloperoxidase, lysozyme, CD34, and/or CD117 support 
myeloid sarcoma, whereas the presence of B-cell markers 
may suggest B-LBL, Burkitt lymphoma or any other B-cell 
lymphoproliferative disorder. Expression of T-cell markers, 
CD34, and/or TdT support T-LBL, and keratins and neuroen-
docrine markers support carcinoma. The differential diagno-
sis of pulmonary acute myeloid leukemia/myeloid sarcoma 
is summarized in Table 15.17.

 Molecular Findings
Recurrent cytogenetic abnormalities or gene mutations that 
occur in extramedullary myeloid sarcoma mirror those 
known to occur in acute myeloid leukemia [197]. A full 
description of all these abnormalities is out of the scope of 
this chapter. If a history of a particular acute myeloid leuke-
mia with recurrent cytogenetic abnormalities is available, 
cytogenetics, FISH, and/or molecular studies could be per-
formed for further evaluation.

 Histiocytic Disorders of the Lung

Histiocytic disorders of the lung are rare. Pulmonary 
Langerhans cell histiocytosis (LCH), Rosai–Dorfman dis-
ease, and Erdheim–Chester disease appear to be the most 
common among these rare diseases. However, two additional 
conditions, juvenile xanthogranuloma and crystal-storing 
histiocytosis, have also been described as primary pulmo-
nary histiocytic lesions (see Table 15.18).

Once considered reactive histiocytic proliferations, rela-
tively recent studies have shown that at least a subset of these 
disorders are clonal and may benefit from targeted therapies. 
Recurrent molecular alterations that have been identified in 
histiocytic disorders include gene mutations of molecules 
involved in the activation of the RAS/RAF/MAPK signaling 
pathway with resulting overexpression of ERK1.

 Pulmonary Langerhans Cell Histiocytosis (LCH)

 Introduction
LCH is a subtype of histiocytic disorder that in the second 
half of the nineteenth century included multiple entities, 
namely eosinophilic granuloma or Otani’s tumor (localized 
form), Hand–Schüller–Christian disease (multiorgan dis-
ease), and Abt–Letterer–Siwe disease (systemic form) 
[206]. It was not until 1953 that Lichtenstein—and to some 
extent Otani—hypothesized that these histiocytic prolifera-
tions represented different spectrums of the same disease. 
Lichtenstein coined the term histiocytosis X to point out that 
this histiocytosis derived from yet unknown cells [206]. 
Two decades later, Nezelof demonstrated that the cell of ori-
gin was a Langerhans cell and then coined the term 
Langerhans cell histiocytosis [207, 208]. Langerhans cells 
were described in 1868 by P.  Langerhans Jr. using silver 
impregnations [209]. In 1961, the electron microscopist 
Birbeck discovered that Langerhans cells contained ultra-
structural cytoplasmic membranous bodies that are known 
today as Birbeck  granules [210]. It was not known if LCH 
represented a reactive or a neoplastic process until 1994 
when two independent studies using a HUMARA assay 
demonstrated that a subset of LCH cases were clonal [211, 
212]. Another breakthrough in  the field of histiocyto-
ses  came in 2010  when the BRAF V600E mutation was 

Table 15.17 Differential diagnosis of pulmonary acute myeloid leu-
kemia/myeloid sarcoma

Acute myeloid leukemia as diffuse infiltrates in vascular spaces, 
secondary to hyperleukocytosis
Hematopoietic
 Intravascular large B-cell lymphoma
 Leukemic infiltrates of blastic plasmacytoid dendritic cell neoplasm
Non-hematopoietic
 Carcinoma or melanoma with lymphangitic spread

Myeloid sarcoma (mass-forming lesion)
Hematopoietic
 Lymphoblastic lymphoma
 Diffuse large B-cell lymphoma, high-grade
 Burkitt lymphoma
 Anaplastic large cell lymphoma
Non-hematopoietic
 Small cell carcinoma
 Small blue round cell tumor (primary or metastatic)
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Table 15.18 Clinicopathologic features of the most representative histiocytic disorders of the lung

Pulmonary LCH Pulmonary RDD Pulmonary ECD
Age group Young adults (20–40 years) Adults (median 40 years) Adults (40–60 years)
Gender 
predilection

M = F
Older adults F > M

M > F M > F (3:1)

Clinical symptoms None to cough, dyspnea, and 
systemic symptoms; spontaneous 
pneumothorax, pulmonary HTN

None to dyspnea, cough, 
chest pain, pleural effusion; 
occasionally systemic 
symptoms

Progressive dyspnea, restrictive pattern on pulmonary 
function tests

Association with 
cigarette smoking

High (>90%) No No

Extrapulmonary 
disease

Not common in smoking-related 
pulmonary LCH
Yes, in LCH not associated with 
smoking

All cases, with lymph node, 
skin, and/or bone 
involvement

Yes, bilateral and symmetric osteosclerosis of the 
diaphysis/metaphysis of long bones. Xanthelasmas, 
pericardial/periaortic and/or retroperitoneal fibrosis, 
diabetes insipidus, other.

Imaging Small nodules (<2 cm) in upper 
and middle lobes, cysts

Single mass or diffuse 
bilateral lesions

Interlobular septal and subpleural thickening, GGOs

Histopathologic 
findings

Bronchovascular distribution, 
nodules at different stages. Early 
lesions: Langerhans cells, 
eosinophils, lymphocytes, 
macrophages, MN giant cells
Late lesions: burned-out LCH 
with fibrosis, cyst formation
Usually not subpleural
Smoking-related changes

Mass: Large macrophages 
with emperipolesis, in 
addition to lymphocytes, and 
plasma cells. No MN giant 
cells or eosinophils
Interstitial: lymphangitic 
pattern with bronchiolar, 
interlobular septa and 
subpleural distribution and 
variable fibrosis

Lymphangitic distribution with thickening of pleura, 
interlobular septa and perivascular interstitium, lesser 
involvement of peribronchiolar areas. Foamy 
macrophages with round nucleus, admixed 
inflammation, and variable fibrosis. MN giant cells of 
Touton type. No emperipolesis or eosinophils
Advanced stages resemble ILD

IHC Langerhans cells:
S100+, CD1a+, langerin+ 
CD68+/−, CD163−/+

Macrophages:
S100+, CD68+, CD163+, 
CD1a-, langerin-

Macrophages:
S100−/+, CD68+, CD163+, CD1a-, langerin-

BRAF V600E
(IHC Ab VE-1)

50–70% Negative
(If RDD morphology and 
BRAF+ diagnosis is ECD)

>50%

Other mutations NRAS (Q61K)(/R) (40%)
MAP2K1 (10–20%)
ARAF, ERBB3, BRAF fusions 
(rare)

MAP2K1, KRAS (~30%)
Hereditary forms (Faisalabad 
histiocytosis, “H”-syndrome) 
with SLC29A3 mutations

NRAS, KRAS, and fusions in PIK3CA and ALK (few 
cases)

Prognosis Good with smoking cessation, few 
patients progress to ILD

Intermediate, promising 
results with new targeted 
therapies

Intermediate, promising results with new targeted 
therapies

LCH Langerhans cell histiocytosis, RDD Rosai–Dorfman disease, ECD Erdheim–Chester disease, M male; F female; HTN hypertension, GGOs 
ground glass opacities, MN multinucleated, IHC Ab immunohistochemistry antibody, ILD interstitial lung disease

identified in 50–70% of LCH cases by diverse molecular 
analyses [213, 214]. In 2016, the Histiocyte Society reclas-
sified all histiocytic disorders into several subgroups, each 
one designated by a letter, with LCH included in group “L” 
for “Langerhans” [215].

LCH can involve virtually any organ as part of multisys-
temic disease, including the lung (formerly known as pulmo-
nary LCH granulomatosis). Interestingly, the latter is usually 
seen as a limited process without affecting other organs. In 
this context, the development of pulmonary LCH is strongly 
associated with cigarette smoking, and the disease usually 
has a good prognosis [216, 217].

 Clinical Features
The incidence of LCH is 5 cases/million/year [218]. 
Pulmonary LCH is even rarer and affects young adults (20–
40 years) without a gender predilection, although the disease 

may be seen more commonly in women at an older age. 
More than 90% of patients are smokers or ex-smokers [216, 
217, 219]. Patients may be asymptomatic, and the disease is 
discovered incidentally for other reasons. Symptomatic 
patients present with cough, dyspnea, fever, or systemic 
symptoms. Complications of pulmonary LCH include the 
development of spontaneous pneumothorax and/or pulmo-
nary hypertension [220]. Smoking cessation is the most cru-
cial step to improve or stabilize the disease in most patients 
[217, 221]. The disease may resolve spontaneously or show 
significant progression with increased morbidity or even 
death in rare instances [222].

Treatment of progressive pulmonary LCH and in sys-
temic disease is based on cladribine or cytarabine as salvage 
therapy, whereas treatment with steroids does not appear to 
confer an additional benefit [223, 224]. The prognosis of pul-
monary LCH is good, with about 85% of patients being alive 
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at 10 years. However, a small subset of patients can progress 
to end-stage lung disease with significant morbidity [222]. 
Lung transplantation is reserved for individuals with rapid 
disease progression despite smoking cessation and chemo-
therapy; however, the disease may recur in the transplanted 
lung if the patient resumes smoking [220, 225]. Current stud-
ies are evaluating the use of vemurafenib (BRAF V600E 
inhibitor) and other inhibitors of the RAS/RAF/MAPK path-
way as potential target therapies in this disease [226].

Diagnostic Imaging
Imaging appearance depends upon the stage of the disease. 
In early stage, HRCT shows upper lung predominant centri-
lobular nodules with sparing of the lung bases. As the disease 
progresses, the lung nodules undergo cystic degeneration 
becoming small round thick-walled cysts. With further dis-
ease progression, the lung cysts increase in size and become 
thin walled, irregular, or bizarre-shaped (Fig.  15.118a, b). 
HRCT may show different stages of the disease at one time. 
End-stage disease is characterized by the presence of pulmo-
nary fibrosis. Spontaneous pneumothorax may develop in 
about 25% of patients due to rupture of sub-pleural cysts 
[227, 228].

 Pathology
Currently, sampling of a lung lesion is usually accomplished 
via an imaging-guided needle biopsy or a transbronchial 
biopsy, and the diagnosis is established either in a cytology 
specimen, a core-needle biopsy, or a transbronchial biopsy. 
If a diagnosis of pulmonary LCH is rendered in any of these 
specimens, then a wedge resection or a lobectomy are not 
performed. However, a resection may still be done when a 

biopsy is inconclusive for diagnosis or when the disease 
manifests as multiple surgically approachable peripheral 
nodules. Langerhans cells can be identified in bronchioalve-
olar lavages, and this may suggest the diagnosis of pulmo-
nary LCH, but this test has a very low sensitivity and is rarely 
used for diagnosis [219].

Grossly, pulmonary LCH presents as multiple tan-white 
small nodules (usually <2  cm) with somewhat ill-defined 
borders (Fig. 15.119). Cases at the advanced stage may dem-
onstrate prominent cystic changes, especially in the upper 
and middle lobes and/or changes indistinguishable from end- 
stage lung disease, namely honeycombing and fibrosis with 
distortion of the lung parenchyma. On microscopic examina-
tion, the nodules of pulmonary LCH have a preferential 
bronchovascular distribution with a sharp demarcation from 
the surrounding lung parenchyma (Figs. 15.120 and 15.121). 
The nodules have variable shapes and compositions depend-
ing on the stage of development (Figs. 15.120, 15.121 and 
15.122). Early lesions are cellular and composed of collec-
tions of Langerhans cells that have an epithelioid morphol-
ogy with a reniform nucleus—often with grooves—thin 
nuclear membranes, vesicular chromatin, inconspicuous 
nucleolus, and abundant eosinophilic and finely granular 
cytoplasm (Figs.  15.123, 15.124 and 15.125). Occasional 
multinucleated giant cells may be identified. Increased mito-
ses and significant atypia are not a feature (Fig. 15.124). The 
background of these nodules is composed of fibroblasts, 
small lymphocytes, macrophages, neutrophils, and eosino-
phils (Figs. 15.123, 15.124 and 15.125). Depending on the 
size of a nodule, the adjacent airway may or may not be 
obliterated by the LCH infiltrate. Larger nodules usually dis-
rupt the architecture of an airway and may develop a central 

a b

Fig. 15.118 (a) Pulmonary Langerhans cell histiocytosis presents as 
upper lobe predominant, bizarre-shaped, irregular thin walled cysts 
(arrows), and (b) pulmonary Langerhans cell histiocytosis presents as 

upper lobe centrilobular nodules. Some nodules have undergone cystic 
degeneration and appear as small round thick-walled cysts (arrow)
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Fig. 15.119 Pulmonary Langerhans cell histiocytosis. The wedge 
lung resection shows multiple small tan-white to pale-yellow nodules 
distributed throughout the parenchyma

Fig. 15.120 Pulmonary Langerhans cell histiocytosis. Large nodule 
centered around a distorted bronchovascular bundle. The center of the 
lesion is necrotic and becoming cystic

Fig. 15.121 Pulmonary Langerhans cell histiocytosis. Smaller nodule 
with bronchovascular distribution distorting the airway. The nodule has 
a sharp demarcation from the adjacent lung and is composed of numer-
ous Langerhans cells, macrophages, small lymphocytes, and 
eosinophils
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Fig. 15.122 Pulmonary Langerhans cell histiocytosis. Late-stage 
lesion with stellate shape and central fibrosis. The surrounding airways 
show traction bronchiectasis and the alveolar spaces show secondary 
cyst formation

Fig. 15.123 Nodule of pulmonary Langerhans cell histiocytosis com-
posed of numerous Langerhans cells, macrophages, small lymphocytes, 
and eosinophils. Scattered multinucleated giant cells are also seen

Fig. 15.124 Sheets of Langerhans cells with reniform nuclei, nuclear 
grooves, and abundant eosinophilic cytoplasm admixed with macro-
phages, small lymphocytes, eosinophils, and a few multinucleated giant 
cells (top). A few scattered macrophages with “smoker’s pigment” are 
also present (center)

Fig. 15.125 Langerhans cells have reniform to irregular nuclei with 
nuclear grooves or prominent nuclear indentations and abundant eosin-
ophilic cytoplasm
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cavity with the subsequent formation of a cyst (Fig. 15.120). 
Late lesions, also referred to as “burned-out” LCH, are the 
hardest to recognize, particularly in a core needle or trans-
bronchial biopsy (Figs.  15.122 and 15.126). They show a 
stellate shape with finger-like projections to the adjacent 

lung that show features of mechanical traction (Fig. 15.122). 
The central portion of a late lesion shows marked fibrosis 
with a variable number of hemosiderin-laden macrophages 
and scant to no eosinophils (Fig. 15.126). Langerhans cells 
are not readily recognized unless they are highlighted by 
immunohistochemistry. These lesions may or may not be 
associated with cyst formation. If the specimen is a wedge 
biopsy or a lobectomy, it is common to identify nodules of 
LCH at variable stages of development. Additional findings 
present in the immediate uninvolved lung include respiratory 
bronchiolitis (abundant intra-alveolar macrophages with so- 
called “smoker’s pigment”), interstitial anthracotic deposits, 
and emphysematous changes, which are all characteristic of 
smoking-related lung disease. In some cases, macrophages 
with “smoker’s pigment” may also be present within a nod-
ule of LCH (Fig. 15.124). In progressive disease, the scars 
become confluent and form larger areas of fibrosis that even-
tually distort the lung parenchyma with honeycombing and 
features of end-stage lung disease. Some cases may feature 
vasculopathy with intimal fibrosis and medial hypertrophy of 
pulmonary arteries, which correlate with those cases with 
pulmonary hypertension.

 Immunohistochemistry and Other Ancillary 
Studies
Langerhans cells are positive for S100, CD1a, CD207/lan-
gerin, and weak CD4 and may show focal CD68 and CD163 
(Figs. 15.127a, b, 15.128a–c and 15.129). The multinucle-
ated giant cells are usually positive for CD68 and CD163 and 
not for CD1a, suggesting that they are a subtype of macro-

Fig. 15.126 Late-stage lesion of pulmonary Langerhans cell histiocy-
tosis with fibrosis, macrophages with “smoker’s pigment,” and only a 
few Langerhans cells

a b

Fig. 15.127 Pulmonary Langerhans cell histiocytosis. Langerhans cells are positive for (a) S100 and for (b) CD1a
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a b

c

Fig. 15.128 Pulmonary Langerhans cell histiocytosis. Langerhans cells are positive for (a) S100 and (b) CD1a and negative for (c) CD68

phages and not Langerhans cells (Fig. 15.128a–c). LCH is 
negative for B-cell and T-cell markers, CD15, CD30, FDC 
markers, keratin, and melanoma markers (SOX10, HMB-45, 
MART-1). There is a commercially available antibody that 
detects the mutated BRAF V600E protein (VE-1) that shows 
cytoplasmic labeling in those cases harboring the mutation 
[214, 229] (Figs. 15.130 and 15.131). Pathologists should be 
aware that BRAF VE-1 demonstrates a cross-reaction with 
dynein proteins present on cilia, and for this reason this 
immunostain decorates the surface of respiratory epithelium 

[230] (Fig. 15.130). This feature can create confusion regard-
ing the interpretation of this marker in the context of pulmo-
nary LCH.

 Differential Diagnosis
The clinical and pathologic presentation of pulmonary LCH 
is characteristic, and the diagnosis is usually straightforward, 
especially when the tissue analyzed consists of a wedge 
resection or an open-lung biopsy. Nevertheless, the diagnosis 
may be extremely challenging in a core needle biopsy or 
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Fig. 15.129 The CD1a immunostain highlights less number of 
Langerhans cells in late-stage lesions

Fig. 15.130 Pulmonary Langerhans cell histiocytosis, positive for 
BRAF VE1 by immunohistochemistry. The normal respiratory epithe-
lium (right, center) also shows strong immunoreactivity at the ciliated 
border. This is a cross-reaction of the VE-1 antibody with dynein pro-
teins present on cilia

Fig. 15.131 Pulmonary Langerhans cell histiocytosis, positive for 
BRAF VE1 by immunohistochemistry

transbronchial biopsy. The differential diagnosis not only 
varies depending on the stage of development of an LCH 
nodule but also on the prominence of smoking-related 
changes, which may sometimes obscure the LCH infiltrate.

Early nodules of LCH may be confused with desquama-
tive interstitial pneumonia, chronic eosinophilic pneumonia, 
or classic Hodgkin lymphoma involving the lung. 
Desquamative interstitial pneumonia consists of collections 
of macrophages filling alveolar spaces rather than interstitial 
cellular infiltrates containing Langerhans cells. In chronic 
eosinophilic pneumonia, the alveoli are laden with eosino-
phils, and these cells are not found in the interstitium or in a 
nodule with Langerhans cells. Pulmonary classic Hodgkin 
lymphoma can present as multiple nodules, and some of 
these may resemble pulmonary LCH given the presence of 
fibrosis and a polymorphic infiltrate containing macro-
phages, eosinophils, small lymphocytes, and multinucleated 
cells. However, bona fide Reed–Sternberg cells are not seen 
in LCH.  Immunohistochemistry for CD1a, S100, and lan-
gerin/CD207 is helpful in confirming the presence of 
Langerhans cells, which is not a feature of CHL. In difficult 
cases, immunostains for CD15, CD30, and PAX5 may be 
required to exclude the presence of Reed–Sternberg cells.

Large and more cellular nodules of pulmonary LCH 
should be distinguished from non-Langerhans cell histiocytic 
disorders, ALCL, primary lung carcinoma, and metastatic 
carcinoma or melanoma. Pulmonary Rosai–Dorfman disease 
and Erdheim–Chester disease may resemble pulmonary 
LCH.  In Rosai–Dorfman disease, there are large macro-
phages featuring emperipolesis, numerous plasma cells, and 
usually no eosinophils. The macrophages in Rosai–Dorfman 
disease are positive for S100, CD68, and CD163 and are neg-
ative for CD1a, CD207/langerin, and BRAF VE-1. In 
Erdheim–Chester disease, the histiocytic infiltrate produces 
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interstitial thickening with a lymphangitic distribution with 
an expansion of interlobular septa and bronchovascular bun-
dles. There is variable fibrosis and chronic inflammation. The 
macrophages in Erdheim–Chester disease are positive for 
CD68, CD163, and variable S100 and are negative for CD1a 
and CD207/langerin. Consideration should be taken that a 
large subset of cases of Erdheim–Chester disease are positive 
for BRAF VE1. An indeterminate dendritic cell tumor is a 
histiocytic neoplasm that may be morphologically identical to 
LCH, expresses S100 and CD1a but is negative for langerin/
CD207. This rare tumor, however, occurs preferentially in the 
skin, and lung involvement would be highly unusual.

ALCL and metastatic melanoma and carcinoma may 
resemble LCH at low power. However, at higher magnifica-
tion, the neoplastic cells in all these processes have signifi-
cant atypia and do not show other features of LCH. Moreover, 
the immunophenotype is completely different: ALCL is 
positive for >1 T-cell markers, CD30 and/or ALK, whereas 
melanoma and carcinoma show expression of melanocytic 
markers and keratins, respectively.

The late stages of pulmonary LCH need to be distin-
guished from other forms of interstitial lung disease (usually 
interstitial pneumonia) or other potential conditions that 
result in end-stage lung disease. Langerhans cells are not 
increased in any of these conditions. Additionally, clinical 
history of prior pulmonary LCH and smoking is extremely 
helpful, if available. Immunohistochemical stains for S100, 
CD1a, and/or langerin/CD207 may be required in some 
cases where pulmonary LCH may be suspected. The differ-
ential diagnosis of pulmonary LCH is summarized in 
Table 15.19.

 Molecular Alterations
A breakthrough came to the field of histiocytoses in 2010 
when the BRAF V600E mutation was identified in 50–70% 
of LCH cases by diverse molecular analyses [213, 214]. 
After those findings, other studies have identified mutations 
in multiple other genes codifying for proteins involved in the 
RAS/RAF/MAPK pathway, including MAP2K1 (10–20% of 
cases) and single cases with ARAF1 and ERBB3 mutations 

[231–233]. About 50% of cases of pulmonary LCH also har-
bor BRAF V600E mutation, and about 40% of patients also 
harbor mutations in (Q61K)(/R) [216, 226, 234]. Alternative 
mechanisms of BRAF activation (BRAF fusions) have also 
been discovered by whole-exome sequencing [235]. All 
these findings point to a common mechanism of ERK activa-
tion as a major player in LCH pathogenesis and support a 
clonal origin of the disease at least in the majority of cases 
[213, 215, 231–233, 236, 237]. The clinical, radiologic, and 
histopathologic features of pulmonary histiocytic disorders 
are shown in Table 15.18.

 Extranodal Pulmonary Rosai–Dorfman Disease 
(RDD)

 Introduction
Sinus histiocytosis with massive lymphadenopathy, or 
Rosai–Dorfman disease (RDD), is a rare histiocytic disorder 
with peculiar morphologic features. Although sporadic 
reports of this disease have been available since the early 
1960s, it was not until 1969 when Rosai and Dorfman 
reported four cases of a self-limited nodal histiocytic disor-
der that they called massive lymphadenopathy with sinus 
histiocytosis [238]. During the late 1970s and mid-1980s, 
Foucar, Rosai and Dorfman collected >100 cases of the dis-
ease from around the world, created a registry, and presented 
a detailed clinicopathologic spectrum of the disease, namely 
its overall benign behavior and its nodal or extranodal pre-
sentation [239–241]. Pulmonary RDD is very rare and is 
usually part of multiorgan or systemic involvement with spo-
radic cases of localized tracheal or peribronchial disease 
[242–246]. Infrequent cases of pulmonary RDD and IgG4- 
related disease have also been reported [247]. The Histiocyte 
Society classifies this histiocytic disorder in the group “R” 
for “Rosai–Dorfman” [215]. Recent studies have shown that 
a subset of RDD cases is negative for BRAF mutations but 
harbor mutations in MAPK1 and KRAS [248], supporting 
that at least some cases are clonal.

 Clinical Features
Rosai–Dorfman disease involving the lung is very rare, and 
it may be a manifestation of regional disease or systemic 
involvement. There is no association between pulmonary 
RDD and cigarette smoking. The disease can mimic lung 
cancer, pulmonary LCH, or interstitial lung disease [242–
247, 249–253]. In the largest series to date of RDD with lung 
involvement from France (15 cases), the disease was more 
common in males, with a median age at diagnosis of 40 
years, and the three most common extrapulmonary sites of 
disease included lymph node, skin, and bone [244]. Some 
individuals may be asymptomatic while symptomatic 
patients may present with dyspnea, non-productive cough, 

Table 15.19 Differential diagnosis of Langerhans cell histiocytosis

Early/cellular stage
 Desquamative interstitial pneumonia
 Chronic eosinophilic pneumonia
 Non-Langerhans cell histiocytoses: Rosai–Dorfman or Erdheim–
Chester disease
 Classic Hodgkin lymphoma
 Anaplastic large cell lymphoma
 Primary lung carcinoma
 Metastatic carcinoma or melanoma
Late stage
 Interstitial lung disease (usual interstitial pneumonia)
 Other causes of end-stage lung disease
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chest pain, pleural effusion, and occasionally systemic symp-
toms. Common laboratory abnormalities include polyclonal 
hypergammaglobulinemia and hemolytic anemia [240, 254, 
255]. Treatment with corticosteroids and immunomodula-
tory drugs has variable responses [243, 249] and in some 
instances, surgical resection may be required when RDD 
compromises the airways. More recently, there have been 
promising results with the use of MEK inhibitors [244].

Diagnostic Imaging
Thoracic involvement is reported in 4% of patients with 
Rosai–Dorfman disease (RDD). Mediastinal and hilar 
lymphadenopathy and tracheobronchial disease are the most 
commonly reported thoracic manifestations. Enlarged lymph 
nodes show homogeneous enhancement on contrast- 

enhanced CT and calcification is usually absent. 
Tracheobronchial involvement often results in an intralumi-
nal polypoid mass and less commonly manifests as circum-
ferential wall thickening. Lung parenchymal involvement is 
less common than airway disease and manifests as a nodule 
or mass. The lung nodule or mass can have spiculated mar-
gins and infiltrate adjacent structures. These lesions are FDG 
avid on PET/CT and can be difficult to differentiate from 
primary lung cancer. Biopsy is generally needed to confirm 
the diagnosis [256, 257] (Fig. 15.132a–c).

 Pathology
Grossly, pulmonary RDD has been described as white- yellow 
masses with relatively well-circumscribed borders. A mass 
may be located in the lung parenchyma or in the tracheobron-

a

b

c

Fig. 15.132 Rosai–Dorfman disease presents with right hilar adenop-
athy on contrast-enhanced CT (a) that is FDG avid on PET/CT (b). 
Whole-body PET (c) shows the involvement of lymph nodes in the right 

cervical, right supraclavicular, right mediastinal, right hilar, and 
abdominal regions, as well as the bones, muscles, and subcutaneous 
soft tissues
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chial tree. The infiltrate is diffuse with replacement of the 
architecture. At low power, pulmonary RDD has a “moth-
eaten appearance” with variable fibrosis and usually alternat-
ing pale and dark areas containing macrophages and abundant 
lymphocytes and plasma cells (Fig. 15.133), respectively, that 
give the tissue the resemblance of a lymph node. The macro-
phages have a central oval nucleus, prominent nucleolus, and 
voluminous amphophilic cytoplasm filled with a variable 
number of intact lymphocytes, plasma cells, and/or neutro-
phils (Fig. 15.134). This feature is known as emperipolesis, a 
type of transcytosis  in which leukocytes have entered the 
macrophages but remain intact, and it is a pathognomonic 
finding in this disease [258, 259]. Multinucleated cells, necro-
sis, hemophagocytosis, or increased eosinophils are infre-
quent. Areas adjacent of lung parenchyma show alveolar wall 
thickening, type 2 pneumocyte hyperplasia, and a variable 
number of foamy intra- alveolar macrophages. Lesions in the 
tracheobronchial tree partially replace the wall of the airway, 
and disease located in the hilum demonstrates extension into 
peribronchial lymph nodes. In cases with an interstitial pat-
tern of spread, the large macrophages and the inflammatory 
component demonstrate a lymphangitic pattern (bronchiolar, 
interlobular septa, subpleural) and variable fibrosis.

 Immunohistochemistry and Other Ancillary 
Studies
The macrophages in RDD are weakly positive for CD4 and 
positive for CD68, CD163, and S100 (Fig. 15.135a, b), and 

in some cases they may also be positive for CD30 [260], 
whereas they are negative for CD1a, CD207/langerin, BRAF 
VE-1, ALK, and any B-cell or T-cell marker. S100, CD68, 
and CD163 highlight the emperipolesis. Plasma cells are 
always polytypic. IgG4+ plasma cells may be increased or 
not, and when they are increased, the possibility of an associ-
ated IgG4-related disease should be considered [261–263].

 Differential Diagnosis
Pulmonary RDD should be distinguished from infectious/
inflammatory processes rich in macrophages, pulmonary 
LCH, pulmonary Erdheim–Chester disease, pulmonary 
ALCL, and primary or metastatic tumors to the lung.

Pulmonary infiltration by RDD can mimic an atypi-
cal mycobacterial infection, an inflammatory pseudotu-
mor or malakoplakia. AFB and GMS stains should be 
performed to exclude the presence of microorganisms. 
Immunohistochemical stains are required to support the 
presence of S100+, CD68+, and/or CD163+ macrophages 
to confirm the diagnosis of RDD.  In addition, immuno-
histochemistry for IgG4+ is recommended to exclude the 
possibility of an associated IgG4-related disease. RDD 
does not contain Michaelis–Goodman bodies, as seen in 
malakoplakia.

Although pulmonary LCH may resemble pulmonary 
RDD clinically and radiologically, in the former the histio-
cytic component consists mostly of Langerhans cells, multi-
nucleated giant cells, and eosinophils that are not features of 

Fig. 15.133 Extranodal Rosai–Dorfman disease. Macrophages with 
emperipolesis are seen as pale or “moth-eaten” areas alternating with 
darker areas containing small lymphocytes and plasma cells. There is 
variable fibrosis in the background

Fig. 15.134 The macrophages in Rosai–Dorfman disease have volu-
minous cytoplasm and contain a variable number of intracytoplasmic 
lymphocytes and other leukocytes, a phenomenon called 
emperipolesis
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Table 15.20 Differential diagnosis of pulmonary Rosai–Dorfman 
disease

Atypical mycobacterial infection
Pulmonary Langerhans cell histiocytosis
Pulmonary Erdheim–Chester disease
Primary lung cancer, and metastatic melanoma and carcinoma to the 
lung
Pulmonary malakoplakia

a b

Fig. 15.135 The macrophages in Rosai–Dorfman disease are positive for (a) CD68 and (b) S100. Both immunostains accentuate intracytoplas-
mic leukocytes that are negative for these markers

RDD. Emperipolesis is not present in LCH, and by immuno-
histochemistry, this disease is positive for S100, CD1a, and 
CD207/langerin with only focal CD68 and CD163, which 
differs from the findings in RDD. Erdheim–Chester disease 
is a multiorgan histiocytosis that can affect bone, brain, peri-
renal and periaortic soft tissues, and the lung [215]. These 
clinical features are not seen in RDD.  Histologically, 
Erdheim–Chester disease is composed of a bland histiocytic 
infiltrate with chronic inflammation and variable fibrosis. 
Some cases harbor a BRAF V600E mutation and therefore 
are positive for the BRAF VE-1 antibody [264]. As men-
tioned above, BRAF mutations have not been identified in 
RDD.  Pathologists should be aware that some cases of 
Erdheim–Chester disease may present with identical mor-
phologic features to RDD, and thus, detection of BRAF 
V600E in an otherwise classic case of RDD should raise 
concern for Erdheim–Chester disease and further evaluation 
of the patient [265].

Pulmonary ALCL, primary lung cancer, and metastatic 
melanoma and carcinoma to the lung may resemble RDD at 
low power. However, at higher magnification, the neoplastic 
cells in all these processes have significant atypia and do not 
show emperipolesis or increased plasma cells. Moreover, the 
immunophenotype is completely different: ALCL is positive 
for >1 T-cell markers, CD30 and/or ALK, whereas mela-
noma and carcinoma show expression of melanocytic mark-
ers and keratins, respectively. These markers are negative in 
RDD. Table 15.20 summarizes the differential diagnosis of 
pulmonary RDD.

 Molecular Findings
RDD may develop secondary to an abnormal macrophage 
activation response due to immune dysregulation or possibly 
a viral infection [266–269]. A small subset of cases can 
occur in association with IgG4-related disease [261–263]. 
RDD has been reported in identical twins suggesting an 
underlying genetic component [270]. In addition, the rare 
hereditary disorders Faisalabad histiocytosis and the “H” 
syndrome (hyperpigmentation, hypertrichosis, hearing loss, 
heart anomalies, hepatomegaly, hypogonadism, hyperglyce-
mia, low height, hallux valgus, and hematologic abnormali-
ties) that occur secondary to mutations in the nucleoside 
transporter SLC29A3 can show histopathologic features 
reminiscent of RDD [271, 272]. Recent studies have shown 
that a subset of cases are negative for BRAF mutations but 
instead harbor mutations in MAPK1, another molecule of the 
RAS/RAF/MAPK pathway, as well as mutations in KRAS 
[248], suggesting that a subset of cases is clonal and may 
benefit from targeted therapies [273, 274].

The clinical, radiologic, and histopathologic features of 
pulmonary histiocytic disorders are shown in Table 15.18.
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 Pulmonary Erdheim–Chester Disease (ECD)

 Introduction
The eponym “Erdheim–Chester” was coined by Jaffe after 
reviewing the original description of two cases of a particular 
lipoid granulomatosis previously reported by Chester in 
1930 while he was doing a fellowship with the legendary 
Austrian pathologist Erdheim [275, 276]. ECD is a rare non- 
Langerhans cell histiocytosis once considered an orphan dis-
ease. Nevertheless, to date ECD is better recognized. The 
disease is  characterized by  recurrent genetic alterations in 
the RAS/RAF/MAPK signaling pathway in about 50% of 
patients [227, 265]. In one of the largest and most compre-
hensive studies of 42 patients with ECD, lung involvement 
was seen only in 6 patients (14%) [265].

 Clinical Features
ECD is a rare condition that mostly affects adults 40–60 years 
of age. The disease has a male-to-female ratio of 3:1. About 
95% of patients with ECD have bone involvement as bilateral 
and symmetric osteosclerosis of the diaphysis/metaphysis of 
long bones (femur, tibia, humerus) [277]. Other symptoms 
are widely variable and include xanthelasmas, pericardial 
fibrosis with restrictive cardiac symptoms, peri-aortic fibro-
sis, retroperitoneal fibrosis with obstruction of both ureters 
and development of renal failure, diabetes insipidus due to 
central nervous system involvement, and exophthalmos 
[278–280]. Given the rarity of ECD and the unrelated and 
wide range of clinical symptoms, some individuals may go 
underdiagnosed for several years, while some others have 
been diagnosed only after a post-mortem examination. For 
this reason, consensus criteria for diagnosis of ECD were cre-
ated in an attempt to better recognize these patients, which 
include (1) the presence of xanthogranulomatous lesions 
composed of foamy CD68+/CD1a-negative macrophages 
often with admixed inflammation and fibrosis and (2) skeletal 
findings of bilateral and symmetric abnormalities in the 
diaphyseal and metaphyseal regions of the long bones of the 
legs [281]. Pulmonary involvement by ECD includes the 
presence of progressive dyspnea over a period of months or 
years. Pulmonary function tests demonstrate a restrictive pat-
tern. An unusual presentation of pulmonary ECD from mili-
ary disease to large tumors has been described recently [282]. 
The traditional therapeutic approach for ECD has been based 
on immunomodulatory agents, anti-cytokine therapies, and 
immunosuppressants. However, targeted treatment with 
BRAF and MEK inhibitors is becoming the first choice in 
patients with severe disease [283].

Diagnostic Imaging
Erdheim–Chester disease can involve the heart, mediasti-
num, pleura, and lung parenchyma. Lung involvement can 
occur in up to two-thirds of patients. The most commonly 

described pulmonary finding on CT is interlobular septal 
thickening that can be focal or diffuse. Pulmonary nodules 
are reported in 20–60% of patients and can be variable in 
distribution. Ground glass opacities have been described in 
up to 40% of patients and can exhibit subpleural or peribron-
chovascular distribution. Other less common imaging mani-
festations include consolidation or bronchial wall thickening. 
The most common mediastinal finding with ECD is periaor-
tic soft tissue thickening. Mediastinal fat infiltration and 
lymphadenopathy are less common manifestations. Pleural 
involvement may result in unilateral or bilateral pleural 
 effusions that can be associated with focal or diffuse pleural 
thickening [284] (Fig. 15.136a–c).

 Pathology
Given the rarity of this disease, gross pathologic descriptions 
of pulmonary ECD are not available. Microscopically, ECD 
consists in a proliferation of histiocytes associated with vari-
able degrees of fibrosis and chronic inflammation composed 
of small lymphocytes and few  plasma cells (Fig.  15.137). 
The macrophages usually have a small round nucleus with 
condensed chromatin and may or may not have voluminous 
or foamy cytoplasm. Macrophages are typically distributed 
in cords or in a single cell arrangement. Multinucleated giant 
cells of the Touton type are common. Emperipolesis is 
unusual, and cellular atypia and well-formed granulomas are 
not seen. Lung involvement occurs in a lymphangitic distri-
bution associated with thickening of the pleura, interlobular 
septa, and perivascular interstitium with lesser involvement 
of peribronchiolar areas [265]. A subset of ECD cases may 
be accompanied by LCH [229], but these unusual cases have 
not been reported in the lung. Bronchioalveolar lavages con-
tain abundant foamy macrophages, but this is nonspecific for 
diagnosis.

 Immunohistochemistry and Other Ancillary 
Studies
The histiocytes in ECD are positive for CD68 and CD163, 
with variable positivity for other monocytic markers and 
Factor XIIIa (Fig. 15.138). S100 is focal, and CD1a and lan-
gerin/CD207 are negative. BRAF (VE-1) is positive in about 
50% of cases.

 Differential Diagnosis
Pulmonary ECD should be distinguished from an atypical 
mycobacterial infection, drug reaction, interstitial lung dis-
ease (usual interstitial pneumonia), pulmonary LCH, and 
pulmonary RDD [265].

AFB and GMS stains should be performed to exclude the 
presence of microorganisms. In a drug reaction, there are 
variable amounts of intra-alveolar macrophages in contrast 
to the pattern of spread and association with fibrosis seen in 
pulmonary ECD. Clinical and radiologic correlation is also 
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Fig. 15.136 Erdheim–Chester disease presents with interlobular sep-
tal thickening in the lungs, more pronounced on the left (a, b), periaor-
tic soft tissue thickening (short arrow), and involvement of the 

pericardium (long arrow) and bilateral pleurae on contrast-enhanced 
CT (c). Pericardial thickening and fluid show FDG avidity on PET/CT 
(d)

Fig. 15.137 Erdheim–Chester disease. There is an exuberant infiltrate 
of histiocytes, some with foamy cytoplasm and variable fibrosclerosis

Fig. 15.138 Erdheim–Chester disease. The CD68 immunostain is 
positive in macrophages
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useful to identify features that may favor or not ECD. Despite 
the presence of subpleural and septal fibrosis in pulmonary 
ECD, there is no temporal heterogeneity and fibroblastic foci 
as seen in usual interstitial pneumonia. In addition, the pres-
ence of macrophages interspersed among fibrosis supports 
ECD and not usual interstitial pneumonia.

The overlapping histopathology of pulmonary ECD with 
pulmonary LCH and RDD makes the diagnosis somewhat 
challenging. However, a detailed morphologic evaluation 
along with clinical and radiologic data is usually sufficient to 
arrive at the correct diagnosis [281]. Pulmonary LCH and 
RDD may show a similar pattern of distribution as ECD, but 
the typical cytologic features of LCH (Langerhans cells with 
cleaved or bean-shaped nuclei with grooves, abundant eosino-
phils) are not seen in ECD. The interstitial pattern of distribu-
tion of RDD in the lung may mimic that of ECD. And although 
emperipolesis is not a common feature in ECD, the distinction 
between these entities may primarily  rely on clinical and 
radiologic findings and evaluation of molecular abnormalities. 
About 50% of cases of ECD harbor a BRAF V600E mutation 
and therefore these cases are positive for the BRAF VE-1 anti-
body [264], whereas BRAF mutations have not been identified 
in RDD. Importantly, pathologists should be aware that some 
cases of ECD may present with identical morphologic features 
to RDD, and therefore, detection of BRAF V600E in an other-
wise classic case of RDD should raise concern for ECD and 
further evaluation of the patient [265, 285].

The differential diagnosis of pulmonary ECD is summa-
rized in Table 15.21.

 Molecular Findings
About 50% of ECD cases harbor BRAF V600E mutations 
[227, 264], and BRAF wild-type cases have mutations in 
MAP2K1. Few cases harbor mutations of NRAS, KRAS, and 
fusions in the PIK3CA and ALK genes [286, 287]. ERK acti-
vation appears to represent an important mechanism related 
to the pathogenesis of ECD, which explains the existence of 
cases with a concomitant presentation of ECD and 
LCH. Identification of BRAF V600E mutation not only sup-
ports the clonal origin of ECD but also has been crucial for 
the use of BRAF inhibitors as therapeutic targets [227, 264, 
278, 283, 288].

The clinical, radiologic, and histopathologic features of 
pulmonary histiocytic disorders are shown in Table 15.18.

 Pulmonary Juvenile Xanthogranuloma (PJXG)

 Introduction
This is an unusual non-Langerhans cell histiocytosis of 
unusual occurrence in the lung, with only a few cases 
reported in the literature [289–292]. Although the origin of 
this process is not well known, possibilities mentioned in the 
literature include dendrocytes and plasmacytoid monocytes 
[290].

 Clinical Features
PJXG is more common in children and young adults, and 
when the lungs are affected, the lesions typically appear as 
bilateral or unilateral pulmonary nodules. Although  single 
nodules may also occur, they are uncommon. Dermal or 
other visceral involvement may occur. Due to the rare inci-
dence of this process in the lung, it is difficult to determine 
clinical outcomes. However, it may be linked to the extent of 
the disease at the time of diagnosis.

 Pathology
The pulmonary nodules appear well circumscribed but not 
encapsulated, replacing normal lung parenchyma. At high 
power, the nodules show a histiocytic proliferation com-
posed of small- or medium-size cells with or without nucle-
oli, which can be associated with an inflammatory reaction 
composed of lymphocytes and plasma cells. In addition, 
scattered among the histiocytic proliferation, there are multi-
nucleated giant cells (Fig. 15.139a–c). However, these giant 
cells may be difficult to find. Nuclear atypia, mitotic activity, 
necrosis, and/or hemorrhage are not common features in 
PJXG.

 Immunohistochemistry
As in other histiocytic lesions, the cells in PJXG may show 
positive staining for CD68, factor XIIIa, HLA-DR, LCA 
(CD-45), CD4, and S-100 protein. However, CD1a, CD3, 
CD21, CD34, and CD35 are negative.

 Differential Diagnosis
The most important differential diagnosis is with other his-
tiocytic lesions that may occur in the lung parenchyma. 
However, a wider panel of immunohistochemical stains and 
the presence of multinucleated giant cells among the histio-
cytic proliferation may lead to a correct interpretation.

 Pulmonary Crystal-Storing Histiocytosis

 Introduction
This process may or may not be associated with another lym-
phoproliferative disorder [293, 294]. When it appears in isola-
tion without any lymphoproliferative disorder, the term 

Table 15.21 Differential diagnosis of pulmonary Erdheim–Chester 
disease

   • Atypical mycobacterial infection
   • Drug reaction rich in intraalveolar foamy macrophages
   • Pulmonary Langerhans cell histiocytosis
   • Pulmonary Rosai–Dorfman disease (RDD)

   –  If morphology of RDD but BRAF+, this is Erdheim–Chester 
disease mimicking RDD

   • Interstitial lung disease (usual interstitial pneumonia)
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Fig. 15.139 (a) Low power view of a PJXG, (b) Histiocytic proliferation replacing normal lung parenchyma, (c) Scattered multinucleated giant 
cells

crystal-storing histiocytoma has been suggested. If the process 
is associated with a lymphoproliferative process, then the 
nomenclature crystal-storing histiocytosis is suggested. 
Multiple myeloma is the most common association. The histio-
cytes appear to store three different components: (1) crystal-
lized immunoglobulins, (2) phagocytosed clofazimine (patients 
treated for leprosy), and (3) Charcot–Leyden crystals.

The clinical outcome of these patients is given by the 
underlying conditions that may be associated.

 Pathology
At low power view, the alveoli appear to be filled with an 
eosinophilic material giving the appearance of fibrinous exu-
date. However, at higher magnification, the  eosinophilic 
material is composed of histocytes with ample cytoplasm 
and small round nuclei  in crystal-storing histiocytosis. The 
cytoplasm of the cells is filled with crystalloid material 
(immunoglobulins). In distinction, in cases of crystal-storing 
histiocytoma, the lung parenchyma is replaced by a histio-
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cytic cellular proliferation, which may show elongated cells 
imitating the appearance of a spindle cell proliferation.

 Immunohistochemistry
CD68 shows positive staining in the histiocytic prolifera-
tion, while kappa or gamma testing may show monoclonal 
rearrangement.
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