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Abstract. Adenocarcinoma of the lung is the most common lung tumor, accounting for
about 40% of the cases. Minimally invasive adenocarcinoma may be a part of a continuum
of morphological changes, leading to the development of invasive adenocarcinoma of the
lung. It is defined as a predominantly lepidic lesion measuring <3.0 cm with only small foci
of invasion, the largest of which should be less than 0.5 cm. An association between lung
cancer, Mycobacterium avium infection and Langerhans cell histiocytosis has already been
described in past studies. We present a case of a 59-year-old patient with PET/CT data for
metabolically active tumor (28 mm), which had increased in size and activity compared to
the previous scan. On admission to our hospital, he had undergone 14 courses of chemo-
therapy at another institution for diffuse large B-cell lymphoma (DLBCL). After the left upper
lobectomy, minimally invasive lung adenocarcinoma, Mycobacterium avium intracellulare
and accompanying Langerhans cell histiocytosis were histologically verified.
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INTRODUCTION

inimally invasive adenocarcinoma (MIA) has
been introduced by the International Associ-
ation for the Study of Lung Cancer (IASLC)/

American Thoracic Society (ATS)/European Respira-
tory Society (ERS) classification. It represents the link

progresses to AIS and MIA, resulting in the formation
of IAL [1].

Mycobacterium avium complex (MAC) consists
of multiple non-tuberculosis mycobacterial (NTM)
species (including M. avium and Mycobacterium
intracellulare), which can be distinguished with ge-

between adenocarcinoma in situ (AlS) and invasive
adenocarcinoma (IAL) and is presumed to result from
genetic changes occurring in the multi-step process
of the development of IAL. This process starts with
the atypical adenomatous hyperplasia (AAH), which

netic testing. MAC is the most common cause of
NTM species infections in humans, with respiratory
system being the typical site of infection. Chronic
lung diseases and immune-suppression are often
predisposing risk factors [2].
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Langerhans cell histiocytosis (LCH) is a rare inter-
stitial lung disease. Co-existence of LCH with other
malignancies, lymphoproliferative diseases, mainly
Hodgkin’s lymphoma, mantle cell lymphoma and
angio-immunoblastic T-cell ymphoma have been de-
scribed in the literature [3]. We will present a patient
with a history of chemotherapy due to diffuse large
B-cell lymphoma (DLBCL), who underwent surgery
in our hospital. He was diagnosed with MIA. The in-
fection with Mycobacterium avium intracellulare and
LCH were incidental findings.

CASE REPORT

A 59-year-old patient with hemoptysis and fatigue
was admitted to the hospital for the first time. The
patient had a history of 14 courses of chemotherapy
as part of therapy for Diffuse Large B-cell Lymphoma
(DLBCL). Physical examination and laboratory tests
showed no abnormalities. Chest computed tomogra-
phy (CT) demonstrated that a previously known lung
lesion had enlarged since the patient’s previous scan
(Figure1). Positron emission tomography/CT (PET/
CT) showed tumor formation in the lingula of the
left lung, approximately 28 mm in diameter, with ex-
tremely high metabolic activity and SUV (Standard-
ized Uptake Values) measuring up to 23.6, on the
background of a subsegmental atelectasis. The le-
sion has been enlarged both in diameter and activity
in comparison to the previously performed PET/CT.
An old echinococcosis cyst was found in the spleen
with a size of 50 mm, as well as a partly consolidated
fracture of the 11th rib on the left. No metabolically
active lymph nodes suspicious of a lympho-prolifera-
tive process were found.
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Fig. 1. Chest computed tomography (CT) demonstrating
that a previously known lung lesion had enlarged since the
patient’s previous scan

Via lateral thoracotomy a densely-elastic lesion
was found in the 3rd-4th segment, with a measure
of 70/60 mm. There was a puckering of the visceral
pleura. The lesion was fully resected via left upper
lobectomy. There was some difficulty in the detach-
ment of the upper lobe arteries, probably due to the
previously performed chemotherapy. Seven medias-
tinal lymph nodes were also removed, all showing
anthracotic-fibroblastic changes.

Histological examination showed a solitary lesion
with the characteristics of MIA and a diameter of
around 2 cm. A dominant lepidic growth pattern and
an invasive component with a diameter less than 5
mm was detected. The lesion was surrounded by a
dense peribronchiolar inflammatory infiltrate, com-
posed of pigmented histiocytes, eosinophils, lympho-
cytes, fibrosis, focal necrosis and some giant cells.
This structure formed a mass of around 7 cm, oblit-
erating the lung parenchyma and resembling LCH.
There was a reactive pneumocytic hyperplasia and
granulomatous inflammation with fibroblastic focuses
in the periphery of these changes, resembling an
organizing pneumonia. There were also some re-
canalized thrombi. The lymph nodes showed no me-
tastases. A sarcoid-like granulomatous reaction was
observed in part of them (probably a reaction from
the chemotherapy); in the remaining lymph nodes —
chronic sinus lymphadenitis was present. There was
no evidence of a lympho-proliferative process. Immu-
nohistochemical examination was performed — posi-
tive expression for S-100 and CD1a and negative ex-
pression for CD45 was present. The LCH diagnosis
was given (Figure 2). Amolecular test was applied by
the PCR method (AmoyDx BRAF V600/E/K/R/D kit)
and the presence of a BRAF mutation was not estab-
lished. Structures, resembling Mycobacterium avium
intracellulare were proved by Ziehl-Nielsen staining
and molecular testing, keeping to the official Ameri-
can Thoracic Society (ATS)/ Infectious Diseases So-
ciety of America (IDSA) statement [4]. After surgical
treatment, the patient received rifampicin, ethambu-
tol and clarithromycin, in accordance to the recom-
mendations for the treatment of NTM pulmonary dis-
ease (NTM-PD) [5].

Two years later, the patient has relapsed DLBCL and
has undergone chemotherapy.

DISCUSSION

MIA is characterized as a predominantly lepidic lesion
measuring <3.0 cm with only small foci of invasion,
the largest of which being 0.5 cm. A lepidic pattern of
growth is defined as tumor cells proliferating along the
surface of intact alveolar walls without stromal or vas-
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Fig. 2. Positive expression for S-100 and CD1a and nega-
tive expression for CD45 was present — Langerhans his-
tiocytosis

cular invasion. The invasive component of MIA, has
to be of histological type, other than lepidic — acinar,
papillary, micropapillary and/or solid; or there have to
be tumor cells invading the myofibroblastic stroma [6].
Studies have shown that a higher percentage of the
lepidic component within the MIA and IAL correlates
with a better five-year survival rate [7, 8].

Beside the various growth patterns there are three
histologic types of MIA — non-mucinous, mucinous,
and mixed. The non-mucinous shares the same posi-
tivity for immune-histochemical markers as the IAL
— Thyroid transcription factor 1 (TTF1) and Napsin A,
and the mucinous subtype is positive for Cytokeratin
20 (CK20) and Hepatocyte Nuclear Factor 4 Alpha
(HNF4A), and negative for pneumocyte markers,
sharing these characteristics with the mucinous IAL.
The diagnosis of MIA is less common than that of the
already invasive adenocarcinoma. This is due to the
smaller size of MIA compared to IAL and the fewer
symptoms, if any, compared to those in IAL [9].

Although the definition of MIAis a lesion of under 3 cm,
a study by the Departments of Thoracic Surgery and
Pathology and Clinical Laboratories, National Cancer
Center Hospital, Tokyo; and Division of Respiratory
Surgery, Nihon University School of Medicine, Tokyo,
Japan has assumed that even a lesion with a diameter
larger than 3 cm, but with an invasive component of
less than 5 mm can be classified as MIA, since the

invasive component is the most important prognostic
criteria in these tumors. This broadens the better prog-
nosis carrying MIA group of lesions [10]. Additionally,
Yoshizawa et al., showed 100% disease free survival
(DFS) for MIA with 100% overall survival [11]. In a
study by Tsuta et al, 100% 5- and 10-year disease-
specific survival rates for AIS and MIA were report-
ed [12]. The possible transition from AIS to MIA and
eventually IAL is a multi-step process involving vari-
ous gene alterations like repression of Transforming
Growth Factor B Receptor 2 (TGFBR2), amplification
of Programmed Cell Death 6 (PDCD6) and Telomer-
ase Reverse Transcriptase (TERT) genes, Epidermal
Growth Factor Receptor (EGFR) mutation and amplifi-
cation. The expression of two particular transcriptional
factors is worth noting — Notch2 and Six1. Takahiro Mi-
mae and colleagues concluded that paired upregula-
tion of these transcriptional factors in invasive cancer
cells in MIAs contributes to the transition from preinva-
sive to invasive adenocarcinoma with a more malig-
nant phenotype in the long term [13].

LCH is a rare interstitial disease of the lung and is
due to clonal proliferation of cells that display a BRAF
(BRAF V600 E) mutation in around 57% of cases [14].
An increasing number of secondary malignant and non-
malignant diseases associated with LCH have been re-
ported in the literature, including pulmonary carcinoma,
carcinoid, Hodgkin’s and non-Hodgkin’s lymphoma,
and mediastinal ganglioneuroma [15]. Egeler et al,
demonstrated the association between LCH with ma-
lignant neoplasms — lymphoma, leukaemia lung cancer
and other solid tumors. It was revealed that in 75% (9
out of 12) of the patients with lung cancer, both cancer
and LCH were concurrent which suggested that it may
be due to specific dendritic cell proliferation and LCH is
most likely a localized reactive process [16].

Pina-Oviedo et al, describe lymphoma-associated LCH
without BRAF or MAP2K1 mutations and suggest that
the RAS/RAF/MAPK pathway might be activated by
non-mutational mechanisms such as cytokines or other
products of the associated neoplasm. They conclude
that in this case LCH might be considered benign [3].

In recent years, the incidence of MAC infections has
increased worldwide. MAC infection is predominantly
found in immune-suppressed patients. Symptoms in im-
munocompetent patients are non-specific, with chronic
cough being the most frequent symptom [2]. It is pos-
sible that chemotherapy in this particular case, along
with the co-morbidity of the patient, has created a pre-
disposition for the development of MAC infection. The
possible connection between the NTM and the devel-
opment of the MIA deserves attention. A study conduct-
ed by Atsuhisa Tamura and colleagues, showed that in
2% of reported lung cancer cases between 2003 and
2011, the bronchial washings were positive for MAC or
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other NTM-negative infections [17]. Similar results had
also been published in previous studies [18]. Fujita et
al. reported 3 cases of acute development of MAC lung
disease in patients with lung cancer without X-ray fibro-
cavitary or reticulo-nodular changes that could indicate
NTM infection at the initial diagnosis of lung cancer [19].

However, it is unclear whether the persistent chronic
infection with MAC may be able to create a predis-
posing environment for the development of cancer or
if the opposite is true. It is also important that these
studies have not been conducted with the idea of
unveiling a pathophysiological connection between
an existing MAC infection and the development of a
tumor lesion. It is still unclear whether such a con-
nection exists, but an association between the two
diseases is reasonable to be assumed.

In our case, the antecedent disease was DLBCL and the
patient underwent 14 courses of chemotherapy. Even
then, a minimal lung lesion was noted and was followed
up by imaging. The patient was not sent for a surgical
intervention, which we believe was mandatory. When an
increase in the PET/CT lesion was detected, the patient
was referred to the Thoracic Surgery Department for
operative treatment. LCH remained unrecognized on all
previous imaging scans and on the most recent PET/CT.

CONCLUSION

Itis debatable whether the detected LCH is a reactive
lesion, as a response to MIA, or vice versa — LCH
contributed to the development of MIA. It may have
been present at the time the DLBCL was diagnosed
and may have been a reactive process due to the
lymphoma or the chemotherapy. Some studies have
noted an association between MAC infections, LCH,
lymphomas and concomitant lung tumors, and al-
though no clear pathophysiological connection has
been established, the pathophysiological link be-
tween them deserves further research.
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