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In this article, we report the first case of a 6l-year-old woman who was
diagnosed with both nodules and cystic lesions in her lungs. The lung nodules
were diagnosed as ALK-positive histiocytosis (APH) carrying an EML4::ALK gene
fusion, which microscopically displayed a mixed morphology of foamy cells,
spindle cells, and Touton’s giant cells. Immunohistochemistry showed
expression of CD163, CD68, and ALK, while fluorescence in situ hybridization
(FISH) with second-generation sequencing (NGS) showed the ALK gene fusion
with the FLCN gene variant. The patient also had bilateral multiple cystic lesions
in the lungs, which were morphologically consistent with pulmonary bullae. The
FLCN gene variant, in combination with the results of NGS, led to the diagnosis of
Birt-Hogg-Dubé syndrome (BHD). APH and BHD are very rare, and it is easy to
misdiagnose or miss the diagnosis altogether if one is not familiar with the
associated histology and immunohistochemistry. It is essential for pathologists to
recognize the presence of these two diseases and understand the associated
histomorphologic, immunohistochemical, and cytogenetic features to enable an
accurate diagnosis and differential diagnosis.
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Introduction

ALK-positive histiocytosis (APH) is an unusual type of
histiocytic neoplasm that can affect organs such as the liver and
nervous system, as well as the spleen and bone marrow. While APH
is often associated with involvement in various organs, the
presentation of APH as an isolated lung nodule is extremely rare.
In the available reported literature on the subject, there is great
variability in the age, site of onset, and pathohistologic features of
patients who develop APH. The treatments offered to different
patients and their prognosis are also very different. Therefore, it is
crucial to study the prognosis and treatment of patients with APH
occurring at rare sites. Multisystemic patients usually receive
systemic therapy with ALK inhibitors with favorable results.
Systemic therapy based on surgical resection is more
recommended for monosystemic patients, but there are still
patients who have experienced disease progression. On the other
hand, BHD is a rare autosomal dominant disorder caused by
germline mutations in the follicular proteins encoding tumor
suppressor gene FLCN. Typically, BHD presents as multiple
pulmonary cysts with or without recurring spontaneous
pneumothorax when it occurs in the lungs. This article is the first
to report the combined existence of APH and BHD, and
pathologists need to pay close attention to them. In conclusion,
this case demonstrates the importance of recognizing the existence
of two rare diseases, APH and BHD, and understanding their
associated features. Notably, EML4::ALK fusions are common due
to inflammatory myofibroblastic tumor (IMT) occurring in the
lung. Care needs to be taken to differentiate it from IMT when an
inflammatory background with spindle cells is seen on APH
microscopy. Immunohistochemistry was positive for myogenic
markers such as SMA and Desmin in IMT, whereas APH did not
express these markers. With improved awareness and knowledge,
pathologists can more accurately diagnose and treat these
rare diseases.

Case description

A non-smoking 61-year-old woman presented in August 2023
with fever, dry cough, chest tightness, shortness of breath, and pain.
The fever resolved after three days of self-medication but recurred.
On September 22, 2023, a chest CT scan revealed multiple bullae in
both lungs, nodules in the right lower lobe. Because dendritic cell
and histiocyte tumors rarely occur in the lungs, the imaging
specialist diagnosed this patient with IMT, but it was actually
clinically difficult to rule out a diagnosis of Langerhans’ cell
histiocytosis. She underwent a right lower lobe wedge resection
on October 19, 2023 (Table 1).

10.3389/fimmu.2024.1501217

The resected nodule, 2.5 cm in diameter, had a soft, greyish-
white texture and was near the pleura. Microscopic analysis showed
irregular polygonal foamy histiocytes, spindle cells, multinucleated
and Touton giant cells, thin-walled blood vessels, and some
lymphocytes. Immunohistochemistry showed that these foam
cells along with spindle cells expressed positive markers (CD68,
CD163, CD4, ALK-D5F3, vimentin, CD10, caldesmon, CD99,
calretinin nuclei, cyclin D1) and negative markers (5100, SMA,
Desmin, CDla, Langerin, B-raf,3-catenin, AE1/AE3, CK5, CK7,
P40, TTF1, Napsin-A, Syn, CgA, Melan-A, HMB45, Hepatocyte,
CD30, Inhibin, PAX-8). A commercially available LSI break-apart
probe set for the ALK gene (Vysis, Abbott Molecular; 3’-ALK
Spectrum Orange, 5-ALK Spectrum Green) was used for FISH
analysis. ALK gene fusion was demonstrated by counting at least
100 cells and observing a positive signal (segregating and/or
segregating 3’signals) in 15% of the tumor cells. FISH confirmed
ALK gene fusion, diagnosing ALK-positive histiocytosis (APH).
Additionally, cystic lesions in the right lung exhibited enlarged
alveolar foramina, fractured septa, and fused dilated bullae. It is very
easy to underdiagnose BHD because the patient does not present
with the typical BHD syndrome of fibrofolliculomas and other
clinical symptoms. Second-generation sequencing identified an
EML4::ALK gene fusion with a FLCN gene variant, confirming
APH combined with BHD. We completed the NGS assay based on
the IIumina platform and hybridization capture method. Of these,
the FLCN variant allele frequency(VAF) was 69.29%, while the VAF
for ALK was 22.76%.

During follow-up, no further treatment was given, and there
was no evidence of recurrence or metastasis at the 8-month follow-
up (Figure 1).

Discussion

APH is a rare subtype of histiocytic tumor, characterized by the
accumulation of macrophages, dendritic cells, or monocytes (1). APH
exhibits a rich and diverse range of histological morphologies and
manifests slightly differently across various organs. Most cases display
the classic xanthogranuloma features, with microscopy revealing
foamy macrophages and Touton giant cells, and sometimes
epithelial-like cells. The foamy cells are eosinophilic with oval-
shaped nuclei, which may show slight nuclear membrane folding or
indentation; mitotic figures are rare. Some spindle cells are also seen,
which have eosinophilic cytoplasm, indistinct borders, and ovoid or
elongated nuclei. The proportion of these two types of cells varies
considerably in different sites of disease, making it essential to have
clear diagnostic criteria. In the latest WHO classification, APH is
categorized as a histiocytic neoplasm of the lymphohematopoietic
system (2). Diagnosis requires histiocytic aggregates, sheet-like tissue

TABLE 1 Timeline-Historical and current information from this episode of care organized as a timeline.

Time August 2023

current information | fever, dry cough, chest tightness,

shortness of breath, and pain
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September 22, 2023

a chest CT scan revealed multiple pulmonary bullae in both
lungs, nodules in the right lower lobe

October 19, 2023

She underwent a right lower lobe
wedge resection
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FIGURE 1
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Pathological features of case (A) Lung nodules present as large pleomorphic histiocytes in the form of foam cells and spindle cells. (B) The tumor
cells were positive for CD68. (C) The tumor cells were positive for ALK. (D) ALK-FISH (a break-apart probe) was positive.

infiltration, and no dysplasia. Confirmation involves two or more
histiocytic markers (e.g., CD163, CD68, CD14, CD4, lysozyme) and
positive ALK staining. Key diagnostic features include irregularly
folded nuclei and ectopic ALK gene expression.

Less than 100 cases have been reported to date. The condition is
more common in females than in males and can occur in
individuals ranging from infants to adults. The clinical
manifestations of APH are closely related to the age of the
patient. In infants, APH primarily presents as a systemic disease
affecting the liver and hematologic system, characterized by
hepatomegaly, anemia, and thrombocytopenia. Such patients
received supportive therapy including blood transfusion and we
observed spontaneous regression of the disease. Another patient
received second-line systemic therapy with dexamethasone,
anabolic acid and azathioprine and achieved complete remission.
The remaining patients showed varying degrees of progression after
receiving treatment regimens such as chemotherapy, but the
effectiveness of the various treatments is still in the research
phase because too few patients participated in the study. In
children and adults, APH can involve the hematologic system,
nervous system, as well as bones, lungs, liver, skin, and lymph
nodes, often presenting as a disseminated disease affecting one or
multiple organs (3). For patients with multisystem involvement,
first-line treatment is conventional systemic therapy alone, which
may be combined with an ALK inhibitor. For patients with
unisystemic involvement, surgical resection is necessary, along
with conventional systemic therapy. Pulmonary APH lacks typical
clinical symptoms and may be detected through imaging as solitary
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pulmonary nodules (4). It can also present as multiple pulmonary
nodules accompanied by involvement of the nervous system (5).
Patients with nervous system involvement exhibit a variety of
neurological symptoms, including seizures, ataxia, headaches, and
vomiting. When APH only involves the skin, the tumor
characteristics are very similar to those of cutaneous JXG, and the
difference between the two lies mainly in the presence or absence of
an ALK translocation. A recent study showed that these cases are
basically xanthogranulomas with ALK fusion (6).

In this case, the spindle cells tested positive for Caldesmon and
negative for SMA and Desmin, possibly due to Caldesmon’s higher
specificity (7). We believe that this situation may be related to the
tendency of the spindle cells in the tumor tissue of this patient to
have smooth muscle differentiation. Existing literature reports that
the smooth muscle differentiation of gastrointestinal stromal tumor
(GIST) cells is associated with EML4::ALK (8). We hypothesized
that ALK rearrangements may contribute to an immunophenotype
of APH tumor cells similar to that of spindle cells expressing
myogenic markers within IMT. This could explain the
histological and immunophenotypic similarities to IMT, such as
spindle cell morphology and Caldesmon expression. Caldesmon
expression was seen in IMT, thus IMT needed to be ruled out before
diagnosing APH in this patient. In this case, the tumor cells were
negative for SMA and Desmin in IHC, which led to the final
diagnosis of the case as APH. The treatment of IMT is consistent
with that of APH, and surgery is considered the mainstay of
treatment. If complete resection is not possible due to anatomical
location or comorbidities, medical therapy combined with radiation
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therapy may be considered (9). CD68 and CD163 expression varied
across tumor sections, with some showing strong positivity and
others resembling atypical ALK-rearranged histiocyte-rich tumors
(3). The exact cause of this variation is unclear, and it remains
uncertain whether atypical ALK-rearranged histiocyte-rich tumors
and APH are identical. Pathologists should examine multiple
sections and use immunohistochemical staining to confirm an
APH diagnosis, especially if CD68 and CD163 staining does not
align with diagnostic criteria.

Molecular genetical features

APH is primarily distinguished by ALK rearrangement, which
may activate downstream pathways and drive cells into the cell
cycle. In ALK fusions like KIF5B-ALK, the fusion of an amino-
terminal chaperone with the ALK tyrosine kinase domain activates
the RAS/RAF-MEK-ERK (MAPK) and PI3K/AKT/mTOR
signaling pathways. This activation leads to ERK phosphorylation,
promoting transcription of genes such as CCND1 (3). Due to the
small number of patients with APH, the gene fusion of EML4::ALK
has been detected in no more than ten patients in the available
studies. Among the available cases, EML4::ALK fusions have been
detected only in patients with APH in the involved lungs. The age of
these patients was not clearly characterized and could occur in
children and adolescents as well as in middle-aged and elderly
people. And no significant differences in morphology were seen
between APH that developed EML4::ALK fusion and those that
developed fusions of other partner genes. The role of EML 4-ALK
fusion in the pathogenesis, treatment, and prognosis of ALK-
positive histiocytosis, especially in patients with isolated lung
involvement, still needs to be further explored (10-14).

The patient also underwent FLCN gene mutation testing.
Confirmation of a BHD diagnosis relies on a combination of
clinical features and/or FLCN germline mutation identification

TABLE 2 Differential diagnosis of APH.

Clinical features

JXG JXG is usually confined to the skin in
children. It rarely involves extracutaneous
tissues or systemic organs, and when it does
it can lead to high morbidity and mortality.

Histological features

JXG is classified into early (EJXG),
classic (CJXG), and late (TJXG)
subtypes. EJXG features sheet-like
histiocyte infiltration with minimal lipid
vacuoles. CJXG shows more vacuolated
histiocytes and occasional
multinucleated giant cells. TJXG is
characterized by predominance of
spindle cells and foamy giant cells.

10.3389/fimmu.2024.1501217

(15). The presence of these mutations, combined with multiple
pulmonary cysts, led to a diagnosis of BHD, a rare autosomal
dominant disorder caused by germline mutations in the FLCN gene,
which encodes follicular proteins. Diagnosis is primarily clinical
due to the lack of specific microscopic features. BHD typically
presents with pulmonary cysts, spontaneous pneumothorax,
fibrofolliculomas, and various renal tumors (16).

Upon communication with the patient, it was learned that the
patient’s father and sister had both suffered multiple episodes of
pneumothorax. BHD manifests itself as a rare autosomal dominant
disorder, and its clinical manifestations usually include recurrent
spontaneous pneumothorax. Since the patient’s father has passed
away we performed NGS on blood samples from the patient and her
sister. The test results showed that both of them had a VAF of 50%
for the FLCN variant. This result confirmed the presence of FLCN
gene germline mutation in the patient. For such cases, second-
generation sequencing is recommended to identify FLCN variants.
Regular renal monitoring is also advised due to BHD’s association
with renal tumors. Given the patient’s FLCN mutations and medical
history, we hypothesize that APH may have developed secondary to
cystic lesions from BHD. This is the first reported instance of both
conditions in one patient, necessitating further investigation into
their potential interaction.

Differential diagnosis

APH must be distinguished from several other conditions by
combining clinical history with morphological and
immunohistochemical features. APH needs to be differentiated
from juvenile xanthogr-anuloma (JXG), Rosai-Dorfman disease
(RDD), Erdheim-Chester disease (ECD), IMT, reticulohistiocytoses
(RH) and Histiocytic Sarcoma (Table 2).

BHD must be differentiated from other diffuse cystic lung
diseases. Lymphangioleiomyomatosis (LAM), common in women

IHC and molecular features

Of note, a recent study performed molecular testing on a subset
of pediatric patients diagnosed with JXG. The results showed
that five out of eight patients (62.5%) with pulmonary
involvement carried the ALK translocation. In contrast, the
above molecular alterations were not detected in patients with
skin-only occurrence. This conclusion suggests that pathologists
should not distinguish JXG from APH only by the presence or
absence of ALK translocation, but also by the age of the patient,
the location of the disease. JXG’s morphology and ALK
negativity aid in distinguishing it from APH (17).

RDD This rare non-Langerhans histiocytosis
mainly affects children and young adults.
RDD, also known as sinus Histiocytosis
with massive Lymphadenopathy (SHML), is
a rare benign entity of unknown etiology.
RDD rarely involve extranodal sites
independent of the lymph node status.

RDD occurring in the lungs is extremely

Histologically, it features enlarged
nuclei, prominent nucleoli, and
abundant cytoplasm with phagocytosis
of inflammatory cells.

Tumor cells can be positive for CD68 in IHC. RDD is
distinguished from APH by tumor cells expressing S100 and
OCT2 and excluding ALK (19).
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TABLE 2 Continued

Clinical features

Histological features

rare and, at present, there are only very few
reports of this disease in the literature (18).

ECD Notable for long bone involvement and ECD often presents with foam cell

distinctive kidney appearances on CT. infiltrates and surrounding fibrosis or
granulomas. The presence of Touton
giant cells is common but not universal.

IMT While most commonly arising in the lung IMT usually appears as well-defined,
and deep intra-abdominal soft tissues, IMT | lobulated masses with a grayish-white
has been reported at a wide variety of body | hue, prominent fibrosis, and spindle or
sites. Lung IMT may be associated with stellate cells. Microscopically, in the pale
cough, dyspnea, and chest discomfort, and mucus-like background, spindle or
soft tissue IMT typically presents as an stellate cells were scattered or arranged
asymptomatic abdominal mass. in short bundles, and the nuclei of

spindle cells were full and ovoid, and
the interstitium was infiltrated with
inflammatory cells.

RH RH are rare and clinically heterogeneous Large epithelioid mononuclear or
histiocytic disorders of dermatological binucleated cells with round to kidney-
interest. RH may involve a single system or | shaped nuclei are seen microscopically.
multiple systems. Single-system unifocal RH | Sometimes invaginations of peripheral
is the most common type of RH in clinical lymphocytes and neutrophils are seen.
practice, occurring mainly in the skin, and
has not been reported in the lungs (22).

Histiocytic | It usually involve lymph node sites, Histiocytic sarcoma is an extremely rare

Sarcoma including the gastrointestinal tract, malignant tumor characterized
superficial and deep soft tissues, lungs, and morphologically and
nasal cavity. Lymph nodes, skin, and brain immunophenotypically by histiocytes.
have also been reported. Morphology, abundant eosinophilic to

vacuolated or foamy cytoplasm, ovoid to
irregularly shaped nuclei, and distinct
nucleoli. Mitotic activity and tumor
necrosis were evident, and a mixed
background inflammatory infiltrate was
frequently evident.

10.3389/fimmu.2024.1501217

IHC and molecular features

Tumor cells expressed CD68, CD163, Factor VIIIa, and CD14
and did not express $100, CD1a, and Langerin. BRAF V600E
mutations are common in patients with ECD (20).

Diagnostic differentiation relies on positive
immunohistochemical reactions for calponin, smooth muscle
actin (SMA), and desmin in myofibroblast (21).

Tumor cells is positive for CD68, CD 163, factor XIIIa and CD
14, and usually the Ki-67 proliferation index is low. RH and
APH are hardly distinguishable by morphology and
immunophenotype, and the final diagnosis needs to be made on
the basis of detailed patient data.

Molecular testing reveals clonal IgH or TCR gene
rearrangements. The disease overlaps with the APH
immunophenotype and needs to be differentiated by histologic
morphology and molecular testing (23).

of childbearing age with TSC1/2 mutations, shows multiple nodules
of immature smooth muscle and perivascular epithelial cells. It is
positive for HMB-45 and SMA, and partially reactive for estrogen
receptor (ER) and progesterone receptor (PR).

Lymphocytic Interstitial Pneumonia (LIP) is marked by
polyclonal lymphocyte proliferation and presents as diffuse cystic
lung lesions. Differentiating LIP from BHD is usually
straightforward, as BHD lacks LIP’s specific features.

Prognosis

The rarity and variability of APH complicate the standardization
of treatment protocols. Current options include surgical excision,
chemotherapy, ALK inhibitors, and supportive measures like blood
transfusions. Currently, patients with APH involving only a single
system rarely relapse after surgical resection. ALK inhibitors are more
commonly used in patients with multi-organ involvement who
cannot undergo surgical resection. Prognosis varies widely, with
some patients experiencing spontaneous regression under
supportive care, while others face relapse or mortality after initial
treatment. Despite promising results from various ALK inhibitors,
the limited number of cases and lack of definitive guidelines mean

Frontiers in Immunology

that ongoing evaluation and data collection are essential for
optimizing patient prognosis and treatment strategies. However,
since the patient did not receive drug therapy, the efficacy
associated with ALK inhibitors needs to be further explored.

Management of BHD-associated cystic lung disease lacks
specific therapies, and the effectiveness of mTOR inhibitors in
preventing cyst formation is unclear. Thus, treatment focuses on
preventing and managing pneumothorax.

In summary, the co-occurrence of histiocytic tumors and BHD
is rare and requires careful evaluation of epithelioid, foamy, and
spindle cell patterns. Accurate diagnosis depends on combining
morphological assessment, immunohistochemistry, and molecular
testing. It is crucial to consider family history and related cutaneous
and renal pathology, especially in patients with pulmonary bullae
without distinct pathological features, and to screen for FLCN gene
mutations. This case highlights a broader range of onset ages for
APH and represents the first known instance of these two rare
conditions occurring together. Pathologists should consider the
potential link between nodular and cystic lesions in APH and use
second-generation sequencing to explore possible correlations.
Enhanced awareness and expertise in distinguishing histiocytic
tumors and BHD are essential for preventing misdiagnosis and
ensuring effective patient care.
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