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Summary
A solitary peripheral lung nodule was found in the left lung of a 52-year-old man. It was 
located in the lower lobe and measured 18.5 cm of major axis on chest computed tomog-
raphy. A tru-cut core biopsy was obtained and a proliferation of bland, monomorphic, 
spindle cells in interlacing fascicles was observed. Accordingly, a surgical resection of the 
neoplasm was subsequently carried out. Macroscopically, the tumor appeared as a well-
circumscribed nodule with a firm and whitish cut surface. Histologically, the neoplasm was 
predominantly composed of bland and monomorphic spindle cells, with a predominantly 
fascicular growth pattern, in which many tubular and cleft-like spaces of entrapped normal 
respiratory epithelium were involved. Myxoid change, stromal hyalinization and scattered 
bizarre mononucleated and multinucleated cells were also observed. Based on clinico-
morphological, immunophenotypical and molecular features, we made a diagnosis of 
malignant transformation of pulmonary adenoleiomyomatous hamartoma into pulmonary 
leiomyosarcoma. As far as we know, this is the first described case of this exceptionally 
rare occurrence in an already rare neoplasm.
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Introduction 

Lung neoplasms are the most commonly diagnosed tumors, with malig-
nant epithelial neoplasms occurring significantly more frequently than 
benign tumors  1. Indeed, approximately only 8% of lung tumors are 
benign with the pulmonary hamartoma (PH) being the most common, 
and accounts for 75% to 77% of them 2,3. PH is defined by at least two 
mesenchymal components, mainly cartilaginous and fat tissue, with as-
sociated entrapped respiratory epithelium  4. PH usually represents an 
asymptomatic and incidental lesion during imaging studies worked out 
for thoracic disease-unrelated reasons, with radiographic feature being 
characterized by the histological components, frequently associated to 
the popcorn-like calcification 5. Based on mesenchymal elements, sev-
eral histological types of PH have been described. In particular, cases 
with dominant smooth muscle tissue are defined pulmonary adenolei-
omyomatous hamartoma (PAH)  4. Interestingly, malignant transforma-
tion has been rarely reported in PH and is still controversial 6-8. Herein 
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we describe an unusual case of a PAH, developing 
a rare malignant transformation in a leiomyosarcoma; 
cliniopathological, immunohistochemical, and genetic 
features of the tumors are described in detail. We also 
carry out a thorough literature review on cases of PH 
with malignant transformation. 

Case presentation

In our hospital, a 52-year-old man presented with 
non-specific respiratory symptoms including cough, 
progressive shortness of breath, dyspnea, and chest 
pain/pressure. His clinical history revealed several co-
morbidities, including high blood pressure, rheumatoid 
arthritis, class III obesity, and a history of bronchioli-
tis. Thus, an imaging study was performed and chest 
computed tomography (CT) revealed the presence of 
a bulky solitary lung nodule in the lower lobe of the left 
lung. The tumour measured 18.5 x 15.8 x 8.9 cm and 
showed inhomogeneous density. The lesion engulfed 
the left inferior pulmonary vein, compressed left atri-
um and displaced the bronchial tree (Fig. 1). In addi-
tion, systemic CT did not reveal any extrapulmonary 
tumoral localization. For histological diagnosis, tru-
cut biopsy under CT guidance was carried out. The 
histological findings showed intersecting fascicles of 
bland, monotonous, spindle cells with indistinct bor-
ders, eosinophilic cytoplasm and hyperchromatic nu-
clei with tapered ends; no evidence of mitotic activity 

and tumor necrosis were detected (Fig. 2). Thus, we 
used a broad panel of immunohistochemical markers 
in order to define the immunophenotypical differentia-
tion (Tab. I); only myogenic markers were expressed; 
in detail, the neoplastic population showed a strong 
and diffuse desmin (primary antibody, clone DE-R-11, 
Ventana), smooth muscle actin (SMA) (primary anti-
body, clone 1A4, Ventana) and h-caldesmon (prima-
ry antibody, clone E89, Ventana) expression. (Fig. 2). 
As a result, tru-cut biopsy findings supported the di-
agnosis of mesenchymal tumor with leiomyomatous 
differentiation. The patient underwent non-radical 
surgical removal of the tumor about 1.5 months later. 
Macroscopically, the tumour appeared as a well-cir-
cumscribed nodule of 10.5 x 7 x 5 cm, with a firm and 
whitish cut surface. Histologically, the neoplasm was 
predominantly composed of bland and monomorphic 
spindle cells, with a predominantly fascicular growth 
pattern, in which many tubular and cleft-like spaces 
of entrapped normal respiratory epithelium were in-
volved (Fig. 3). Myxoid change, stromal hyalinization 
and very rare areas of mature adipose tissue were 
also observed (Fig. 3). However, we observed pecu-
liar histological features such as a zonal pattern, com-
posed of hypercellular and hypocellular areas and the 
widespread evidence of scattered bizarre mononucle-
ated and multinucleated cells. These cells were char-
acterized by bizarre and irregular shaped nuclei, with 
both coarse and finely dispersed chromatin with evi-

Figure 1. Chest computed tomography (CT) scan. (A, B) Bulky solitary mass with inhomogeneous density in the lower lobe of 
the left lung. The lesion engulfed the left inferior pulmonary vein, compressed the left atrium and displaced the bronchial tree.
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Figure 2. CT‑guided tru‑cut core biopsy. (A) Histopathological finding of intersecting fascicles of bland, monotonous, spin-
dle cells with indistinct cellular borders, eosinophilic cytoplasm and hyperchromatic nuclei, with tapered ends. Lack of mitotic 
figures and foci of tumor necrosis (hematoxylin and eosin, original magnifications x200). (B) Immunohistochemistry showed 
a strong and diffuse expression of desmin by tumor cells (clone DE-R-11, Ventana) (original magnifications x200).

Figure 3. Histological findings observed in the surgical specimen. (A) The tumor consisting of bland and monomorphic 
spindle cells. Neoplastic population showed a predominant fascicular organization and a typical zonal pattern, with hypercel-
lular and hypocellular areas in which many tubular and cleft-like spaces of entrapped normal respiratory epithelium were 
involved. (B) Detail of tubular and cleft-like spaces of entrapped respiratory epithelium. (C) Scattered foci of adipose tissue 
were also observed between neoplastic cells. (D) Detail of hypercellular area composed of relatively bland and monomorphic 
spindle cells. (A, C, D) Hematoxylin and eosin, original magnifications x500. (B) Hematoxylin and eosin, original magnifica-
tions x200.
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Figure 4. Comparison between histological features observed in hypocellular and hypercellular areas of the surgical speci-
men. (A, C, E, G) These cells in hypocellular areas were characterized by bizarre and irregular shaped nuclei, with both coarse 
and finely dispersed chromatin with evident nucleoli. Tumor necrosis was absent and low mitotic index (4 mitosis/10 HPF) 
was observed. (B, D, F, H) Conversely, a prominent cell crowding was observed in hypercellular areas; neoplastic cells were 
different from those previously described and they were characterized by marked nuclear atypia, with nucleomegaly and 
nuclear hyperchromasia, and significant cellular pleomorphism. The mitotic hot spots and scattered atypical mitotsis were 
observed. (A, B) Hematoxylin and eosin, original magnifications x200. (C, D, E, F) Hematoxylin and eosin, original magnifica-
tions x100. (G, H) Hematoxylin and eosin, original magnifications x50. 
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Figure 5. Immunohistochemical study confirmed the myogenic differentiation of the neoplasm. (A) Strong and diffuse 
cytoplasmic stain for h-caldesmon (clone E89, Ventana). (B) Strong and diffuse cytoplasmic stain for desmin (clone DE-
R-11, Ventana). (C) Strong and diffuse membranous and cytoplasmic stain for smooth muscle actin (clone 1A4, Ventana). 
(D) Evidence of tubular and cleft-like spaces of entrapped respiratory epithelium by immunohistochemical staining for TTF1 
(clone SP141, Ventana). (E) Immunohistochemical evidence of hmga2 nuclear overexpression in tumor cells (No. 41878, 
Abcam). (F) Low proliferation index (Ki-67) (clone 30-9, Ventana) in about 10% of the study population. (A, B, C, E, F) Original 
magnifications x50. (D) Original magnifications x200.
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dent nucleoli (Fig. 4). Tumor necrosis was absent and 
low mitotic index (4 mitosis/10 HPF) was observed. 
However, when we evaluated the hypercellular areas, 
we observed peculiar cell crowding with neoplastic 
cells, which were different from those previously de-
scribed, characterized by marked nuclear atypia, with 
nucleomegaly and nuclear hyperchromasia, and sig-
nificant cellular pleomorphism (Fig. 4). The mitotic hot 
spots were observed in hypercellular areas, where 
rare atypical mitoses could also be observed (Fig. 4). 
These morphological features suggested a malignant 
biological behavior. The immunohistochemical study 
confirmed the myogenic differentiation with a strong 
and widespread expression of desmin (primary an-
tibody, DE-R-11, Ventana), SMA (primary antibody, 
clone 1A4, Ventana) and h-caldesmon (primary an-
tibody, clone E89, Ventana) both in hypercellular and 
hypocellular areas, weaker and more localized CD34 
(primary antibody, clone QBEnd/10, Ventana) ex-

pression and a relatively low proliferation index (Ki-
67; primary antibody, clone 30-9, Ventana) of about 
10% (Fig.  5) (Tab.  I). Moreover, we looked for the 
HMGA2 overexpression by immunohistochemistry, as 
a surrogate of the typical translocation t(3;12) (q27-
q28;q14-q15) identifiable in most pulmonary hamar-
tomas. This rearrangement results in HMGA2-LPP 
fusion gene, responsible for HMGA2 protein overex-
pression, a occurs in our case (No. 41878, Abcam) 
(Fig. 5). Thus, regarding for the overall clinical, mor-
phological and immunophenotypical features, our 
definitive diagnosis was malignant transformation of 
pulmonary adenoleiomyomatous hamartoma in primi-
tive pulmonary leiomyosarcoma. About one year after 
diagnosis, the tumor progressed, giving rise to bone 
metastases, despite chemotherapy, until the patient’s 
death after approximately 12 months.

Discussion

PAH is a rare histological subtype of pulmonary 
hamartoma with very few described cases in litera-
ture 9-14. Like other types of PH, PAH is usually asymp-
tomatic and it radiologically appears as a solitary, 
well-circumscribed, peripheral pulmonary coin nod-
ule  15. The histological features defining this tumor 
are a predominant smooth muscle cell component 
with numerous epithelial inclusions, as tubular and 
cleft-like spaces of entrapped normal respiratory epi-
thelium, and no cellular atypia, high mitotic index and 
atypical mitoses  12. Furthermore, also PAH frequent-
ly harbors t(3;12) (q27-q28;q14-q15) translocation, 
which has an excellent diagnostic sensitivity but very 
poor specificity in PH, leading to HMGA2 overexpres-
sion  16,17. Furthermore, when treated surgically, PAH 
has a great prognosis and a benign biological behav-
ior  4. The relationship between PH and lung cancer 
has previously been questioned, and malignant trans-
formation in PH, especially in PAH, is extremely un-
common and disputed (Tab.  II)  18. In 1989 Basile et 
al.  8 reported a case of sarcomatous transformation 
in PH, including both cartilagenous or connective dif-
ferentiation, occurring shortly after resection of a PH. 
Afterwards, Williams et al.  19 and Schenkel et al.  6 
described two cases of malignant transformation of 
a chondroid PH into a pulmonary chondrosarcoma 
and a PH into a spindle cell malignancy with chondro-
matous differentiation, respectively; similarly, Rossi et 
al. 7 reported a case of a lipomatous PH with features 
of lipoma-like well-differentiated liposarcoma. Thus, 
the data about malignant transformation observed in 
PH are very limited and the chondrosarcoma is more 
frequent, because the predominant component of 

Table I. Complete immunohistochemical study performed 
on the core biopsy and surgical samples.

IHC panel
Core 

biopsy
Surgical sample

Desmin + +
SMA + +

h-Caldesmon + +
S100 - -

CK-PAN (AE1/AE3) - -
TTF1 - -

Napsin A - -
CK7 - -

CK5/6 - -
WT1 - -
CD34 NP +/-

HMGA2 NP +
Vimentin NP +
Calretinin - -

p40 - -
p63 - -

HMB45 - NP
Melan-A - NP

CD30 - NP
STAT6 - NP
PLAP - NP
AFP - NP

HepPar1 - NP
BerEP4 NP -
CD99 NP -
Bcl2 NP -

Myogenin NP -
Ki-67 NP + in about 10% of tumor 

cells
IHC: immunohistochemistry; NP: not performed.
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most PH was hyaline cartilage. Our case consisted 
of a voluminous lung neoplasia histologically showing 
a prevalent smooth muscle cell component as PAH. 
PAH is typically characterized by bland and monomor-
phic cells with no nuclear atypia. Differently, diffuse 
cells with bizarre nuclei, with irregular nuclear shape 
and frequent multinucleation, were widely represent-
ed in our case and showed a myogenic differentiation. 
However, this morphological feature was not con-
vincing for malignancy diagnosis and we considered 
them as a leiomyoma with bizarre nuclei 20. Differently, 
the scattered hypercellular areas with cell crowding, 
marked cell pleomorphism and severe nuclear atypia, 
with prominent nucleomegaly and nuclear hyperchro-
masia, associated with a mitotic index of 4/10 HPF 
with scattered atypical mitoses oriented our diagno-
sis of leiomyosarcomatous transformation of PAH. 
Unlike many other lung neoplasms 21,22, there is lack 
of data about the molecular profile of these tumors. 
We performed a next generation sequencing (NGS) 
was performed on formalin-fixed paraffin-embedded 
(FFPE) tissue samples of PAH and pulmonary leio-
myosarcoma. The DNA was extracted from 10-µm 
FFPE sections through the MGF03-Genomic DNA 
FFPE One-Step Kit, according to the manufacturer’s 
protocol (MagCore Diatech). DNA quality was estab-
lished in using the FFPE QC Kit according to the man-
ufacturer’s protocol (Illumina, San Diego, USA). The li-
braries were prepared with TruSigth Oncology 500 kit, 
the assay detects small nucleotide variants (SNVs), 
indels, splice variants, and immunotherapy biomark-
ers in 523 cancer-relevant genes. Sequencing was 
performed on an Illumina NovaSeq 6000 (San Diego, 
USA) platform. The resulting number of variants iden-
tified in both samples are reported in the Table III. The 

number of variants identified is comparable between 
the sets, but despite being the same absolute num-
ber, the impact of high impact variants in different sets 
is different. We performed comparations between the 
sets of variants and detected that there is a 10-fold 
increase in high impact variants between PAH set and 
pulmonary leiomyosarcoma (4 variants vs 42 variants, 
respectively). 

Conclusions

Our case represents the first case of malignant trans-
formation of a PAH into pulmonary leiomyosarcoma, 
as far as we know. To date, the pathogenetic mech-
anisms underlying these malignant changes are still 
unknown. However, all the evidence, including the mo-
lecular signatures of these neoplasms, suggests that 
malignant histologic transformation in PH, although 
exceptionally rare, can occur. These findings are very 
interesting and could influence the management of 
PH, especially the diagnostic-therapeutic algorithm, 
given the risk of malignant transformation.
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