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14.1 Introduction
Pulmonary lymphangioleiomyomatosis (LAM) is
a rare disease that almost exclusively occurs in
women of childbearing age, most often appearing
as a diffuse cystic lung disease due to prolifera-
tions of distinctive smooth-muscle cell-like cells
along lymphatic channels progressively involving
the pulmonary parenchyma and the pleura [1-3].
LAM occurs sporadically in patients with no
evidence of genetic disease (sporadic form) and
in about one third of women with tuberous scle-
rosis complex (TSC), an autosomal dominant
neurocutaneous syndrome characterized by
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mutations of 7SC-1 (located on chromosome
934 and encoding for the protein hamartin) and
TSC-2 (located on chromosome 16pl3 and
encoding for the protein tuberin) genes [4—10].
TSC occurs in 1 of 5800 live births and leads to
hamartoma-like tumor growths in different
organs, cerebral calcification, seizures, and men-
tal retardation [5, 6]. Sporadic LAM is a rela-
tively uncommon disease with an estimated
prevalence of 2.6 per one million women, while a
couple of sporadic LAM were documented in a
karyotypically normal men without TS [11-13].
The disease tends to present between menarche
and menopause, with the mean age at presenta-
tion of 34 years [1-3, 14].

The clinical features result from the progres-
sive cystic destruction of the lung parenchyma
secondary to widespread growth of LAM cells
along lymphatics. Cystic abnormalities and air-
flow obstruction seem to be related to the con-
strictive effect on airways of LAM growths, but
even the imbalance between matrix metallopro-
teinases and their inhibitors secreted by LAM
cells leading to extracellular matrix degradation
is involved in the mechanism of cystic modifica-
tions [15-21].

The main pulmonary symptoms consist of
progressive dyspnea, recurrent pneumothorax,
and chylous pleural effusions [1, 2, 22]. Cough,
hemoptysis, and chyloptysis are also reported.
Dyspnea is almost always present, while about
60% of patients show concurrent pneumothorax.
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[1, 2, 5, 22] Abdominal symptoms (nausea,
abdominal distension, hematuria, flank pain,
abdominal hemorrhage) are related to extrapul-
monary manifestations such as abdominal
lymphangioleiomyomas (retroperitoneum, abdo-
men, pelvis), lymphadenopathy, chylous abdomi-
nal depositions, and angiomyolipoma (kidney
and liver) [23-30]. Around 10% of patients will
develop chylous ascites due to lymphatic
obstruction.

In early phase of LAM, chest X-ray may be
normal even in symptomatic patient [31].
However, increased pulmonary volumes, pneu-
mothorax or chylous pleural effusion, and cystic
changes are the main radiological features [3].

The distribution of these lesions is generally
bilateral and diffuse with some basilar predomi-
nance. LAM cysts have a very thin and regular
wall and appear equally distributed. In contrast
with centrilobular emphysema, LAM cysts show
a well-defined wall lacking the centrilobular
artery. Centrilobular emphysema predominates
in the upper lobes and is smoking-related [1-3,
5]. Cysts of Langerhans cell histiocytosis is
another smoking-related interstitial lung disease
frequently showing cystic changes. However,
cysts are often associated with micronodules and
display a thick, irregular wall, also sparing the
costophrenic angle [5]. LAM cysts generally
have a round shape, do not spare the costophrenic
angles, decrease in size on expiration, and tend to
progressively increase in number and size. HRCT
is also used to evaluate the severity of lung dis-
ease. Tiny nodules observed at high-resolution
computed tomography consist of small benign
proliferation of alveolar type 2 pneumocytes (so-
called multifocal nodular type 2 pneumocyte
hyperplasia) [3, 5]. [ll-defined ground glass opac-
ities (observed in 25% of the cases) and interlob-
ular septal thickening can be due to alveolar
hemorrhage or edema, resulting from the obstruc-
tion of pulmonary lymphatic vessels and small
veins. In the suspicion of LAM, an abdominal CT
scan can provide useful additional findings,
namely, renal angiomyolipomas and lymphangi-
oleiomyomas [1-3, 5, 30-36].

High-resolution computed tomography scan
should be performed in all young, non-smoking

women with unclear recurrent pneumothorax
with/without chylous effusion and/or functional
obstruction, since imaging findings are quite spe-
cific in the hands of expert radiologists [3, 31].
The diagnosis of LAM is consistently performed
on a clinical ground with typical clinical symp-
toms and HRCT pattern without tissue biopsy in
presence of other confirmatory findings, such as
chylothorax, angiomyolipoma, lymphangioleio-
myoma/lymphangiomyoma, tuberous sclerosis
complex, and elevated serum vascular endothe-
lial growth factor—VEGF-D > 800 pg/mL [31].

In the hands of expert pulmonary radiologists,
the sensitivity and specificity of HRCT in identi-
fying LAM among several cystic diseases are
87.5% and 97.5%, respectively [3, 31].

Nevertheless, difficult cases showing charac-
teristic cysts at HRCT in absence of additional
confirmatory features require lung tissue exami-
nation to achieve a definitive diagnosis. Surgical
lung biopsy (SLB) is still considered the gold
standard biopsy in interstitial lung diseases
(ILD), including those with cystic pattern, but
less invasive transbronchial lung biopsy (TBLB)
may be considered equally effective and safer
than SLB in the diagnosis of LAM [31].

Lung biopsy is performed in suspected LAM
patients to exclude other cystic lung diseases
[32]. The rarity of the disease and the therapeutic
and prognostic implications of the diagnosis
make tissue sampling recommended in all clini-
cally uncertain cases. Cytology has a little or no
role in LAM diagnosis, but the finding of alveolar
hemorrhage with hemosiderin-laden macro-
phages at bronchoalveolar lavage (BAL) fluid
analysis may be helpful [31].

LAM is one of diffuse lung diseases that can
be successfully diagnosed on TBLB, which is
often attempted before submitting the patient to
thoracic surgery [32]. Given the random distribu-
tion of the lesions, the diagnostic yield of TBLB
increases with the number of biopsies. In TBLBs
with clinical and CT findings suspicious for
LAM and in all biopsies from patients with cystic
disease, the use of immunohistochemical stains
is strongly recommended to highlight tiny and
focally distributed lesions apparently not visible
on hematoxylin-eosin-stained slides [33-35].
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Differential ~ diagnosis  mainly  includes
Langerhans cell histiocytosis, emphysema, lym-
phoid interstitial pneumonia, and non-specific inter-
stitial pneumonia (NSIP) related to connective
tissue diseases (e.g., Sjogren’s disease), Birt-Hogg-
Dubé syndrome, amyloidosis, hypersensitivity
pneumonia, and lymphangiomatosis.

In the recent years, several authors and the last
2015 World Health Organization (WHO) classifi-
cation of lung tumors have suggested to consider
LAM as a low-grade tumor arising from peculiar
cells spreading through lymphatic channels and
possibly metastasizing to lymph nodes [36].

Indeed, LAM cells harbor inactivating muta-
tions in tumor suppressor gene 7SCI or TSC2
and activate mammalian target of rapamycin
complex 1(mTORC1) leading to cell growth [4].
The 2015 WHO classification has created a group
of perivascular epithelioid cell (PEC)-derived
tumors including PEComa (formerly clear cell
tumor/sugar tumor) and LAM. This view is sus-
tained by the frequent occurrence of extrapulmo-
nary manifestation of LAM, comprising pelvic
lymph node infiltration, uterine LAM, and renal
angiomyolipoma [36].

In addition, patients with sporadic LAM
requiring lung transplantation have developed
recurrent LAM in transplanted lungs harboring
identical genetic alterations to those originally
identified in naive lungs [37-39]. Furthermore,
identical 7SC2 mutations were detected in LAM
cells and angiomyolipomas from the same
patients, and LAM cells were isolated from blood
and other fluids in patients with sporadic LAM
[4, 39].

Although data derive from few and limited
case series, the diagnostic yield of TBLB is about
60%, and procedure-related complication rate is
about 14% (pneumothorax, hemorrhage, thoracic
chest pain, pneumonia) [31]. Nevertheless, the
most recent American Thoracic Society (ATS)/
Japanese Respiratory Society clinical practice
guidelines underline the necessity to submit non-
diagnostic TBLB samples to expert pathologists
for a second opinion, since a significant quote of
cases become entirely diagnostic [31].

Limitations of TBLB are related to the small
case series published in literature that preclude a

confident estimation of the diagnostic yield in
LAM, although the diagnostic bar could mainly
depend on the percentage of involved lung.
Second, data from previous works give no indica-
tion in the correct selection of patients undergo-
ing TBLB.

However, once lung tissue examination is
required to have a confident diagnosis of LAM,
TBLB should be attempted in light of the signifi-
cant diagnostic yield (up to 50%) and to prevent
unnecessary more invasive surgical lung biopsy.
The complication rate of TBLB in LAM is
acceptable, ranging from 2 to 14%.

Transbronchial fine needle aspiration of
enlarged mediastinal lymph nodes could repre-
sent an alternative and less invasive approach, as
well as the search for LAM cells in chylous effu-
sions using cell block preparation [31].

No studies focused on the efficacy and safety
of transbronchial cryobiopsies in LAM have been
so far published. Fruchter et al. [40] reported 1
case of LAM among their 75 patients with inter-
stitial lung diseases undergoing histologic exami-
nation by transbronchial cryobiopsy. Apparently,
the cystic pattern of ILD does not appear a con-
traindication to transbronchial cryobiopsy.

Survival at 10 years is of 80%, and main treat-
ments include medroxyprogesterone, mTOR
inhibitors, and lung transplantation [41-43].

14.1.1 Histology

— Cysts bilaterally distributed through all the
lung fields with involvement of costophrenic
angles

— Proliferation of smooth-muscle-like cells with
cytoplasmic clear vacuolization (LAM cells)
along the lymphatic routes lining the cystic
formation, even leading to small nodules

— Chronic alveolar hemorrhage around vessels

— Variable immunohistochemical expression of
smooth-muscle markers (smooth-muscle actin,
desmin), hormonal receptors, melanocytic
markers (HMB45, MART-1), and cathepsin-K

Cystic change and LAM cell growth may be
very subtle and quite different in each individual
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case. The distribution of cysts and LAM cells
mainly involves lymphatic routes, such as peri-
bronchiolar areas, vessels, pleura, and lymphatic
spaces. LAM cells are typically organized in
small clusters at the edges of the cysts and along
pulmonary lymphatics. Compared to normal
smooth-muscle cells, LAM cells have less eosin-
ophilic cytoplasm and a characteristic clear
change/vacuolization. LAM cells may vary from
small spindle-shaped to round or oval, to large
epithelioid cell growing into the cystic spaces or
forming small thickening of the cyst wall.

Since LAM cells involve the vessel walls lead-
ing to vascular disruption, a careful observation
of chronic alveolar hemorrhage with hemosiderin-
laden macrophages may indirectly indicate
LAM. Serial sections of each formalin-fixed,
paraffin-embedded block and the use of immu-
nostains are mandatory in these cases. Indeed,
LAM smooth-muscle-like cells generally express
melanocytic markers (HMB45, MART-1), hor-
monal receptors, smooth-muscle actin, and
cathepsin-K [44-48].

Multifocal micronodular pneumocyte hyper-
plasia is another lesion in LAM appearing as tiny
nodular proliferations of type 2 pneumocytes
with polygonal or cuboidal appearance.

14.1.2 Differential Diagnosis

Basically, all lesions leading to pulmonary cystic
modifications may enter in differential diagnosis.
Identification of LAM cells around cysts using
specific immunostains (e.g., HMB45, cathepsin-
K) is unique of LAM. Of note, pathologists
should be aware that HMB45 expression may be
variable, weak, and restricted to few cells. Since
histology of LAM is quite peculiar, the disease
may be recognizable even in tiny biopsy.

LAM must be distinguished from other more
common cystic pulmonary lesions, as emphy-
sema and pulmonary Langerhans cell histiocyto-
sis. These diseases are characterized by distinctive
clinical and HRCT findings, such as association
with smoke and upper lobe distribution. LCH is
characterized by cystic changes and tiny and
cavitate nodules depending on its evolution.

The wall of cysts consists of fascicle of spindle
cells resembling smooth-muscle elements.
Metastatic low-grade stromal sarcoma may pres-
ent with several cysts lined by hormonal and
CD10 positive bland spindled tumor cells, but
clinical history together with imaging studies and
lack of expression for melanocytic markers rule
out LAM. Even lung endometriosis with/without
catamenial pneumothorax and hemoptysis or
smooth-muscle lesions (benign metastasizing
leiomyoma) enter in the differential diagnosis
with LAM.

14.2 Case Presentation

¢ Clinical Background

— 46-year-old woman

— Former smoker

— Unremarkable past medical history

* Onset of Symptoms
— Progressive dyspnea
— Recurrent pneumothorax
e Laboratory Findings
— Routine laboratory tests: unremarkable
— Autoimmune serum tests: negative
¢ Pulmonary Function Test

— FVC 82%; FEV1 61%; FEV1/FVC 58%;
RV 88%; DLCO 65%

* Imaging (Figs. 14.1, 14.2, and 14.3)

— CT scan shows numerous and bilateral
thin-walled cysts of variable size, diffusely
distributed through all pulmonary fields
without a preferential location and involv-
ing costophrenic angles.

e Cryobiopsy (Figs. 14.4, 14.5, 14.6, 14.7,

and 14.8)

— The specimen obtained from the transbron-
chial cryobiopsy technique consists of three
fragments of pulmonary parenchyma ranging
from 5 to 8 mm of maximum diameter.
Histologically, the lung tissue shows the pres-
ence of few cystic spaces characterized by a
thin layer of spindled cells with smooth-mus-
cle cell appearance and slightly hyperplastic
pneumocytes (Figs. 14.4 and 14.5). Some
calcifications are present around spindle cell
proliferations. At immunohistochemistry,
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Fig. 14.1 CT scan showing several thin-walled rounded  Fig. 14.4 Transbronchial cryobiopsy showing normal
cysts involving bilaterally and diffusely the lung fields lung and subtle aggregates of LAM cells showing smooth-
without costophrenic angles preservation (upper lobes) muscle-like appearance and cytoplasmic vacuolization

leading to clear changes. Some calcifications are also noted

g \

Fig. 14.2 CT scan showing several thin-walled rounded  Fig. 14.5 Transbronchial cryobiopsy showing normal
cysts involving bilaterally and diffusely the lung fields lung and subtle aggregates of LAM cells showing smooth-
without costophrenic angles preservation (upper lobes and  muscle-like appearance and cytoplasmic vacuolization
middle lobe) leading to clear changes

Fig. 14.3 CT scan showing several thin-walled rounded  Fig. 14.6 Focal immunohistochemical expression for
cysts involving bilaterally and diffusely the lung fields HMBA4S5 in the cytoplasm of LAM cells
without costophrenic angle preservation (lower lobes)
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Fig. 14.7 LAM cells showing nuclear staining with
estrogen receptor

Y

Fig. 14.8 Consistent immunohistochemical expression
for cathepsin-K in LAM cells

these cells show a patchy, weak, and focal
expression for HMB45 (Fig. 14.6), nuclear
positivity with estrogen receptors (Fig. 14.7),
and consistent and diffuse staining for cathep-
sin-K (Fig. 14.8). In addition, a positive stain-
ing is observed with smooth-muscle actin
and focally with MART-1.
* Diagnosis

— Pulmonary lymphangioleiomyomatosis with

high level of diagnostic confidence.

14.3 Discussion

Transbronchial cryobiopsy may be used in
patients with suspected LAM. Anecdotic reports
also suggest that lung complications related to

the procedure have a limited clinical impact.
Lung tissue samples so obtained are well pre-
served, and immunohistochemical analyses or
even molecular investigations may be done eas-
ily. Recently an increased PD-L1 expression in
lung tissue from LAM patients has been proven
suggesting new opportunities for therapeutic tar-
geting [49]. The need of lung tissue that is now
limited to cases that do not meet all the criteria
required for a clinic-radiologic- and laboratory-
based diagnosis will probably gain importance.
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