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Female, 44
Brain metastases from invasive mucinous adenocarcinoma of the lung
Coughing

Pulmonology

Rare co-existance of disease or pathology

Invasive mucinous adenocarcinoma (IMA) is a rare variant of adenocarcinoma of the lung. It frequently shows
KRAS mutations, while ALK rearrangement is exceedingly rare. We present a case of ALK-rearranged IMA of the
lung presenting with an unusual pattern of brain metastases, radiologically mimicking a cavernous angioma.

A 44-year-old non-smoker female was first diagnosed with lung right lower lobe IMA with ALK rearrangement.
Five years after surgery followed by chemotherapy, she developed a sudden onset headache. Brain imaging
revealed a hemorrhagic left frontal mass, suspicious for a cavernous angioma. However, the pathology of the
resected lesion showed an ALK-rearranged brain metastasis from the IMA of the lung. Interestingly, the me-
tastases showed perivascular tumor infiltrates, accompanied by focal mural invasion, vascular disruption, and
hemorrhage.

To our knowledge, this is the first reported case of brain metastasis from an ALK-rearranged IMA of the lung.
Further investigation of the clinical and pathological characteristics of the ALK-rearranged IMA, including aware-
ness of the possibility for development of brain metastases with tumor-associated vasculopathy and hemor-
rhage, is warranted.
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Background

Invasive mucinous adenocarcinoma (IMA), formerly known as
mucinous bronchioloalveolar carcinoma, has been introduced as
a new category in the most recent International Association for
the Study of Lung Cancer/American Thoracic Society/European
Respiratory Society (IASLC/ATC/ERS) multidisciplinary clas-
sification system [1]. This variant of adenocarcinoma of the
lung, accounting for approximately 5% of lung adenocarcino-
mas [2], has distinct clinical, radiological, pathological, and ge-
netic characteristics. IMAs frequently show KRAS mutation (in
up to 90% of cases) [1,3], whereas nonmucinous adenocarci-
nomas are more likely to show epidermal growth factor recep-
tor (EGFR) mutation. Recently, CD74-NRG1 fusions have been
discovered in invasive mucinous adenocarcinoma, providing
further evidence of a distinctive subtype [4].

In non-small cell lung cancer (NSCLC), anaplastic lymphoma
kinase (ALK) is rearranged to create the EML4-ALK oncogene
that causes the increased growth of cancer cells. EML4-ALK fu-
sion gene is a potent oncogenic driver, reported in about 3%
to 7% of all NSCLC patients [5]. Other fusion partners for ALK
have also been discovered in NSCLC. ALK rearrangements are
mutually exclusive with EGFR or KRAS mutations [6]. Most ALK-
rearranged NSCLC are adenocarcinomas, which have a young-
er age of onset, high-stage disease, and most patients are nev-
er smokers or have a limited smoking history [7]. Crizotinib
is the ALK tyrosine kinase inhibitor that has shown marked
and durable efficacy for the treatment of patients with NSCLC
positive for ALK rearrangement. Despite their initial response,
however, such patients treated with crizotinib eventually de-
velop progressive disease, with the brain being the most com-
mon site for the occurrence of new lesions [8].

IMA of the lung harboring ALK rearrangement is exceeding-
ly rare. There is no previous report of brain metastases from
such patients. We present here a case of brain metastasis from
ALK-rearranged IMA of the lung that also showed an unusu-
al pattern of brain invasion radiologically mimicking a cav-
ernous angioma.

Case Report

A 44-year-old non-smoker female was found to have an in-
filtrate in right lung lower lobe by chest imaging, and was
diagnosed with IMA by lung biopsy. One year later, the pa-
tient underwent right thoracotomy and lobectomy (Figure 1).
Histopathological examination of the resected specimen re-
vealed neoplastic cells with a goblet and columnar cell morphol-
ogy with abundant intracytoplasmic mucin and small basally
located nuclei (Figure 2A). Abundant singly dispersed and clus-
ters of signet ring cells were also present. Tumor cells showed
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Figure 1. Time course of clinical progression of the IMA.

a predominant lepidic growth with mixture of acinar and sol-
id growth patterns. Spatial proximity between the bronchus
and the tumor with frequent tumor cell infiltration of the ad-
jacent bronchial epithelium was observed. Occasionally, the
tumor cells showed a continuation with the non-neoplastic
bronchiolar epithelium (Figure 2A, right image). By immunohis-
tochemistry (IHC), the tumor was positive for CK7, TTF1, nap-
sin A, p63 and was negative for p40 (Figure 2B) and CK20. A
diagnosis of pulmonary IMA with hilar lymph node metasta-
ses (stage 1I1A) was rendered. Molecular studies of the tumor
revealed the presence of an ALK rearrangement by fluores-
cence in situ hybridization (FISH) (Figure 2C) and the absence
of EGFR and KRAS mutations by sequencing. Expression of
epithelial to mesenchymal transition (EMT)-related markers
such as E-cadherin and vimentin were also evaluated. Focal
absence of E-cadherin expression and gain of vimentin ex-
pression in tumor cells (Figure 2D) were observed, suggest-
ing EMT phenotype.

The patient subsequently underwent paclitaxel and carbo-
platin chemotherapy for four cycles. Five years later, surveil-
lance imaging detected 18F-fluorodeoxyglucose (FDG)-avid
mediastinal lymphadenopathy. Endobronchial ultrasound-
guided transbronchial needle aspiration (EBUS TBNA) of sta-
tion 7 lymph nodes was performed, and a cytological diagno-
sis of metastatic mucinous adenocarcinoma of the lung with
signet ring features (Figure 3) was rendered. The tumor cells
were positive for CK7 and napsin A, focally positive for TTF1
and negative for CK20. ALK rearrangement and EGFR muta-
tion were not detected.

Two months later, the patient presented to the emergency
department with a sudden onset headache. A brain magnet-
ic resonance imaging (MRI) revealed a hemorrhagic left fron-
tal mass with cortical and subcortical deposits of hemosid-
erin (Figure 4A), suspicious for a cavernous malformation
(cavernous angioma). The patient underwent left frontal crani-
otomy for the resection of the mass. Histopathological exami-
nation of the resected brain lesion revealed growth of mucinous
tumor cells in the subarachnoid space around the small and
large leptomeningeal vessels and diffuse invasion of the brain
along the Virchow-Robin perivascular spaces (Figure 4B, left
panel). Focal mural invasion, vascular disruption, and hemor-
rhage (Figure 4B, right and bottom panels) were present inside
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Figure 2. IMA of the lung. (A) Shows neoplastic cells with a goblet and columnar cell morphology with abundant intracytoplasmic
mucin and small basally located nuclei. The mucinous tumor cells continued with the non-neoplastic bronchiolar epithelium
(black arrow in right image). (B) The neoplastic cells are positive by IHC for CK7, TTF1, napsin A, p63, and negative for
p40. (C) Positive ALK FISH break-apart test is shown with split red and green signals, signifying the presence of an ALK
rearrangement. (D) The neoplastic cells are positive for vimentin and negative for E-cadherin by IHC. Images in (A), (B), and
(D) were acquired at 20x magnification except for center image in panel A and CK7 in panel B that was acquired at 40x

magnification with an Olympus BX43 microscope.

and outside the brain parenchyma. The tumor cells were posi-
tive for TTF1 and napsin A, and showed presence of ALK gene
rearrangement by FISH. The pathological findings confirmed
brain metastases from the ALK-rearranged IMA of the lung.
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Discussion

IMA of the lung is typified by columnar and/or goblet cell mor-
phology with abundant intracytoplasmic mucin and small ba-
sally located nuclei. Nuclear atypia is usually inconspicuous or
absent. Alveolar spaces often contain mucin. Patients with IMA
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Figure 3. Aspirates of the metastatic IMA in mediastinal lymph node consist of abundant signet ring cells (magnification 20x).

frequently present with a pneumonia-like pattern and multifo-
cal and multilobar lesions [9]. The tumor may show the same
heterogeneous mixture of lepidic, acinar, papillary, and micro-
papillary growth as non-mucinous tumors, but the lepidic pat-
tern is most common, and solid growth is rare. Identical mor-
phology may be seen in metastatic mucinous adenocarcinomas
from sites such as the colon, pancreas and ovary, and there-
fore clinical and radiologic correlation should be made to ex-
clude primary tumors in these locations. The immunoprofile of
invasive mucinous adenocarcinoma of the lung may be differ-
ent from that of other adenocarcinoma subtypes. The tumor is
typically positive for CK7 (90%) and CK20 (50%), and less fre-
quently express TTF1 (15%) and napsin A (11%) [10-12]. MUC
2-5-6 positivity is often seen due to its origin of bronchiolar
mucinous goblet cells [1]. In the present case of ALK-positive
IMA of the lung, the tumor cells demonstrated similar immu-
noprofile to nonmucinous adenocarcinoma, showing positivi-
ty for CK7, TTF1, napsin A, and negative for CK20.

ALK rearrangement is shown to be associated with a solid pre-
dominant growth pattern and signet ring cell features [7,13]. It
has been reported that approximately 70% of pulmonary ade-
nocarcinoma demonstrate ALK gene rearrangement when sig-
net ring cells comprised >10% of the tumor cells [14]. Proper
recognition of this feature may be important in determining
whether further molecular testing is advisable. In the present
case, the ALK-rearranged IMA showed largely lepidic pattern
with foci of acinar and solid growth, and abundant signet ring
cells. The EMT phenotype seen in this case, as well as in oth-
er cases with ALK rearrangement [13], could potentially con-
tribute to tumor progression, metastasis, and drug resistance
in ALK-rearranged tumors. Some studies reported that ALK-
rearranged tumors have significantly higher p63 immunore-
activity compared to tumors that are negative for ALK rear-
rangement [5,13,15]. In contrast, positivity of p40 was rarely
observed in ALK-rearranged tumors. Similar to these reports,
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our case of ALK-rearranged lung adenocarcinoma showed TTF1
and p63 co-expression and no reactivity to p40. It is known that
EGFR-mutated tumors are originated from terminal respirato-
ry units (TRU), which is positive for TTF1 but typically negative
for p63. A close relationship to the adjacent bronchial epithe-
lium was reported as a unique feature of ALK-rearranged tu-
mors. In our case, we also observed spatial proximity between
bronchus and the tumor with frequent tumor cell infiltration
of the adjacent bronchial epithelium. Occasionally, the tumor
cells showed a continuation with the non-neoplastic bronchi-
olar epithelium. These findings suggest that ALK-rearranged
tumors might originate from different cell type, and may rep-
resent non-TRU-type adenocarcinoma. It was proposed that
a cell type dually expressing TTF1and p63 may be the cell or-
igin of ALK-rearranged tumors [5,13]. However, a specific cell
type of ALK-rearranged tumors and the significance of p63 ex-
pression remain to be clarified. With regards to diagnosis, the
frequent presence of the solid grow pattern with positive p63
immunoreactivity in ALK-rearranged tumors may make it dif-
ficult to differentiate from squamous cell carcinoma in a lim-
ited specimen. Being aware of these features may prove help-
ful for accurate diagnosis.

Studies showed a high concordant rate of ALK rearrangement
between primary tumors and their corresponding metasta-
ses [7,17]. However, discordance has also been reported, indicat-
ing intratumor heterogeneity of ALK rearrangement. Hou et al.
identified two patients with discrepancy of ALK rearrangement
showing an ALK fusion positive in primary tumor while not in
paired metastatic lymph nodes [7]. Two patients were report-
ed showing ALK rearrangement negative on primary lung tu-
mor while harboring ALK fusion in metastatic peritoneal and
soft tissue lesion, respectively [16,17], indicating that ALK al-
teration and ALK expression can be acquired during metastat-
ic progression in NSCLC. A recent study reported that ALK rear-
rangement detected by IHC and RT-PCR was discordant among
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T1 without contrast T2 FLAR

Figure 4. (A) Brain MRI shows hyperintense deposits of hemosiderin (arrow) on T1 images without contrast in a superficial intraaxial
and extraaxial lesion located in the left frontal lobe. T2 FLAIR (fluid attenuated inversion recovery) images show the
hyperintense superficial lesion. (B) Brain metastases show growth of mucinous tumor cells around the subarachnoid
leptomeningeal vessels (blue arrow in left panel, 10x) and diffuse invasion of the brain along the Virchow-Robin perivascular
spaces (black arrow in left panel). Mural invasion (black arrow in bottom panel, 40x), vascular disruption and hemorrhage
(right panel, 20x) are present.
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spatially separated tumor areas in the same primary tumor of
ALK-positive patient. In the present case, the patient with ALK-
rearranged primary lung tumor showed ALK rearrangement in
the brain metastases, and no ALK rearrangement in the tu-
mor metastatic to the mediastinal lymph node. It seems rea-
sonable to infer that metastatic tumor cells in the lymph node
may come from a clone of ALK-negative tumor cells within the
primary lesion. Therefore, genetic intratumoral heterogeneity
with different tumor clones may account for this discrepancy.

Brain metastasis usually occurs at the gray and white matter
junction or in the vascular border zone regions. This supports
the notion that metastatic emboli tend to lodge in areas of re-
duced blood flow, such as those with sudden reduction of vas-
cular caliber (gray/white matter junction) or areas of the most
distal vascular field (border zone) [18]. In our case, the brain
metastases from an ALK-rearranged IMA of the lung demon-
strated an unusual pattern of brain metastases, with tumor
cells seeding in the subarachnoid space, growing around the
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Conclusions

To our knowledge, the present case is the first reported in-
stance of hemorrhagic brain metastasis in patients with lung
IMA positive for ALK rearrangement. Further investigation of
the clinical and pathological characteristics of the ALK rear-
rangement positive IMA and awareness of the possibility for
the development of brain metastases with tumor-associated
vasculopathy and hemorrhage in such patients are warranted.
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