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ABSTRACT

Lung adenocarcinomas with a mixture of tubular or papillary pattern,
sheet-like or trabecular architecture, eosinophilic cytoplasm with centrally
located nuclei and alpha-fetoprotein-producing cells have been described
as hepatoid adenocarcinomas. Hepatoid adenocarcinomas are mainly
found in the stomach but rare cases in other organs have been described.
Immunostaining for alpha-fetoprotein (AFP), hepatocyte paraffin 1 (HepPar-1)
and thyroid transcription factor-1 (TTF-1) helps in the diagnostic workup.
Tumor behavior is still not entirely known but it seems to be associated with
early metastases. We report on a 66-year-old, heavy-smoker male patient
who had a 10-month history of respiratory complaints and weight loss. At the
time he was hospitalized, respiratory failure was already established. The
computed tomography corresponded to a collapsed right lung due to a poorly
defined expanding mass. The bronchoscopy revealed narrowing of the inferior
and medium lobar bronchi. The patient developed irreversible shock and died.
At the right lung inferior lobe was extensively replaced by a grayish diffuse
neoplasia in a “pneumonia-like” gross pattern. Metastatic disease was found in
the right adrenal gland and thoracic and abdominal lymph nodes. Microscopic
dissemination through lymphatics, pleura, and airways was detected.
Histological examination revealed a poorly differentiated adenocarcinoma with
hepatoid features. Immunohistochemmistry stains were positive for keratin
7, polyclonal carcinoembryonic antigen (CEA) in a diffuse pattern, AFP and
HepPar-1 antibody. TTF-1 showed a diffuse granular cytoplasmic staining of
the neoplastic cells, and only focal nuclear positivity. Multiple bilateral emboli
originated from deep venous thrombosis were present in large and medium
branches of the pulmonary artery and contributed to the cause of death.
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CASE REPORT

A 66-year-old, black, male patient sought
medical attention because of a 10-day history
of productive cough and dyspnea. He referred
respiratory complaints, recurrent pneumonia and
weight loss during the last 10 months, raising
the suspicion of lung cancer by the primary care
physician. His past medical history was uneventful,
but he had been a heavy smoker for 40 years.

Physical examination showed an ill-looking
patient, emaciated, pale, showing mild respiratory
distress. Blood pressure = 160/110 mmHg, pulse
rate = 112 beats per minute, respiratory rate = 32
respiratory movements per minute, and room
air pulse oximetry = 83%. Edema was present in
lower limbs. Lung examination revealed decreased
bronchial breath sounds in the right hemithorax
and scattered crackles. Cardiac and abdominal
examinations were normal. Initial treatment
comprised supplementary O2 by nasal catheter and
antibiotics. The patient was hospitalized for further
investigation.

The initial laboratory tests are in Table 1.

Room air gasometry revealed: pH = 7.44;
pO,=52mmHg; pCO,=44 mmHg; HCO,=28 mEq/L;
BE = 3.7, and oxygen saturation = 88%. Chest
radiography showed diffuse and homogeneous
opacity of the right hemithorax and right bronchus

Figure 1 — Complete opacification of the right
hemithorax. Note obliteration of ipsilateral main
bronchus and foci of perihilar alveolar opacity on
the left lung.

obliteration without a significant deviation of the
mediastinum, suggesting pulmonary atelectasis
associated with pleural effusion. A perihilar alveolar
opacification was seen on the left lung (Figure 1).

The chest computed tomography showed
volumetric reduction of the right lung parenchyma,
which had totally collapsed, with bronchial and
alveolar areas filled in by fluid content (Figure 2). The
basal segments had heterogeneous attenuation with
some parenchymal calcifications, which suggested
the presence of a poorly delimited expanding mass
(Figure 3). Right pleural enhancement by contrast
medium and effusion was present. Ground-glass
opacity areas associated with diffuse interstitial
thickening displaying a mosaic pattern was present
in the left lung (Figure 4). Poorly defined subpleural
nodules were also depicted. Dilation of the trunk
of the pulmonary artery was observed. Calcified
mediastinal lymph nodes were seen without
evidence of mediastinal lymph node enlargement.

Thoracentesis resulted in serohemorrhagic
exudate effusion drainage. Cytological examination
failed to show malignancy.

The lower limbs venous echo Doppler
revealed thrombosis of right popliteal vein and
thrombosis of the left femoral veins, which led to the
addition of enoxaparin to his prescription.

The bronchoscopy showed that the left
bronchial tree, the right main bronchus, and the right
upper lobe bronchus were free from lesions. The
secondary carina was warped, and the intermediate
bronchus showed converging grooves and granular
mucosa. The distal bronchial ostia (to the inferior
and medium lobes) showed reduced caliber that
could not be surmounted. Bronchial biopsies were
carried out on the tenth day of hospitalization.

Figure 2 — Axial computed tomography (CT) of the
chest — mediastinal window — showing voluminous
hypodense collection with discrete pleural thickening
and enhancement associated with retraction of the
apex of the right hemithorax.
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Table 1 — Admission laboratory workup

RV RV
Hemoglobin 12.3 12.3-15.3 g% Creatinine 0.5 0.4-1.3 mg/dL
Hematocrit 37.6 36.0-45.0% Potassium 4.5 3.5-5.0 mEq/L
Leucocytes 254 4.4-11.3 x 103/mm?3 Sodium 135 136-146 mEq/L
Bands 0 1-5% ALT 18 9-36 U/L
Segmented 95 45-70% AST 18 10-31 U/L
Eosinophils 0 1-4% Total bilirubin 0.39 0.3-1.2 mg/dL
Basophils 0 0-2.5% Glucose (random) 109 70-140 mg/dL
Lymphocytes 3 18-40% LDH 324 120-246
Monocytes 2 2-9% Cai+ 1.1 1.11-1.4 mmol/L
Platelets 453.10° 150-400 x 10%/mm? Total protein 7.0 7-8 g/dL
CRP 158 <5 mg/L Albumin 3.6 3-5 g/dL
BUN 13 5-25 mg/dL PT (INR) 1.4 1

ALT = alanine aminotransferase; AST = aspartate aminotransferase; BUN = blood urea nitrogen; Cai+ = ionized calcium; CRP = C-reactive protein;

LDH = lactic dehydrogenase, PT = prothrombin time; RV = reference value.

Figure 3 — Axial CT of the chest — mediastinal window. A - Hypodense liquid content in the right main
bronchus (arrow) and heterogeneous enhancement of the lung parenchyma; B - Hypodense liquid content
within the interlobar bronchus (arrow); C - Irregularity and thinning of the pulmonary veins close to the left
atrium. Note pleural and pericardial effusion as well as bilateral gynecomastia.

Figure 4 — Axial CT of the chest — pulmonary window. A and B - Fissure thickening with micronodules. Septal
thickening and ground glass opacities associated with septal thickening (“crazy paving”) in the left upper

lobe.

Clinical outcome was unfavorable
accompanied by a worsening of the patient’s
respiratory function and then shock, despite
supportive therapy. The patient died after 12 days
of hospitalization without a precise diagnosis of
pulmonary pathology.

On the day of death, the biopsies performed
during bronchoscopy were completed and disclosed
a diagnosis of non-small cell lung carcinoma
infiltrating the bronchial mucosa, accompanied by
squamous metaplasia with moderate dysplasia of
the respiratory epithelium. Immunohistochemical
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analyses were performed on the autopsy samples.
Serum alpha-fetoprotein (AFP), carcinoembryonic
antigen (CEA), and beta-human chorionic
gonadotrophin (beta-hCG) were tested in stored
blood samples, after patient's death. Serum AFP
and beta-hCG determinations were normal, but
CEA was 580 pg/L (reference value < 5 pg/L).

Autopsy

The external examination of the body
showed an emaciated, cachectic man. Bilateral
jugular stasis and gynecomastia were evident. A
large volume serosanguineous pleural effusion
with multiple adhesions between the lungs, pleura,
diaphragm, and the rib cage were observed upon
opening the thoracic cavity. These findings were
more prominent in the right hemithorax. Invasion of
the pericardium led to a fibrinous and hemorrhagic
pericarditis.

Examination of the right lung revealed
extensive replacement of the inferior lobe by a

Figure 5 — A - Gross examination of right lung sh

grayish diffuse neoplasia, which mimicked a lobar
pneumonia (“pneumonia-like” gross pattern). A
dense fibrous pleural thickening encased the right
pulmonary lobes and the inferior airways were
obstructed by tumor invasion. This pneumonia-like
pattern also affected the superior lobe of the left
lung. Microscopic dissemination through lymphatics,
pleura, and airways was detected (Figure 5).

Histological examination revealed mucin-
producing neoplastic cells arranged in solid sheets
or dyscohesive clusters, which filled the alveolar
spaces (Figure 5). Signet-ring-like cells and mucin-
positive cytoplasmic vacuoles were present.
Moderately differentiated areas with columnar
cells and acini as well as foci of keratinization and
necrosis were seen scattered through the tumor
(Figure 6).

Other areas (about 20%) showed abundant
eosinophilic or clear cytoplasm with distinct cell
borders, cytoplasmic grumous (“Mallory body-
like”) and globoid PAS-positive hyalines. Nuclear
pseudoinclusions were occasionally seen (Figure 7).

R

owing pleural thickening, adherence to diaphragm, and

pneumonia-like pattern; B - Photomicrography of tumor cells filling alveolar spaces (air dissemination) (H&E
200x); C - Photomicrography of tumor lymphatic dissemination; note fluid edema in bronchiolar lumen (right
bottom) (H&E 200x); D - Photomicrography of segmental bronchus invaded and obliterated by tumor (H&E

original magnification 12.5x).
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Figure 6 — Photomicrographs. A - Acinar pattern with columnar cells (H&E 400x); B - Solid pattern with
mucin vacuoles (H&E 400x); C — Signet-ring cells (H&E 400x); D - Sheet-like pattern of poorly cohesive cells
with eosinophilic cytoplasm (H&E 400x).

Figure 7 — Photomicrographs. A - Large eosinophilic cells in focal trabecular pattern (H&E 400x); B - Clear
cells (H&E 400x); C - Eosinophilic globules (H&E 400x); D - Large nuclear pseudoinclusion (arrow) (H&E
400x).
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These features suggested a poorly differentiated
adenocarcinoma with hepatoid features.

Immunohistochemical stains were positive
for keratin 7, polyclonal CEAin a diffuse pattern, AFP
(multifocal) and hepatocyte paraffin 1 (HepPar-1)
antibody. HepPar-1 staining was diffuse. Thyroid
transcription factor-1 (TTF-1) showed a diffuse
granular cytoplasmic staining of the neoplastic
cells, and only focal nuclear positivity. Staining for
keratins 5/6 was focally positive, especially in the
foci of keratinization (Figures 8 and 9). The reactions
were negative for keratin 20, chromogranin,
synaptophysin, p63 protein, and beta-hCG.

Multiple bilateral emboli that originated
from deep venous thrombosis in the left popliteal
and common iliac veins were present in large and
medium caliber branches of the pulmonary artery.
Additionally, histological examination revealed
local arterial thrombosis entrapped in tumor areas
and fibromuscular narrowing and thickening of
small pulmonary arteries. These findings were
suggestive of pulmonary hypertension attributed

Figure 8 — Photomicrographs. A - Immun

e

ol nd/ .} X o Tt
ohistochemistry for keratin 7 (H&E 40

to local thrombosis and to possible recurrent
thromboembolism. Microscopic examination did
not demonstrate thrombus in different stages of
organization, however, previous thromboembolic
events in a patient with advanced cancer could
not be ruled out. Right cardiac chambers and main
pulmonary arteries were preserved.

Lung edema, alveolar hemorrhage and
diffuse alveolar damage were present. The left
ventricle wall had severe concentric hypertrophy,
left atrium was mildly dilated and hyaline
arteriolosclerosis was detected in the spleen. These
findings were consistent with previous systemic
arterial hypertension which might have contributed
to the final events. Metastatic disease was found in
the right adrenal gland and mediastinal, para-aortic
and peripancreatic lymph nodes.

DISCUSSION

In 1990, Ishikura et al." described hepatoid
lung adenocarcinomas as tumors with a mixture

ok W ¥

0x); B - Focal nuclear TTF-1

immunostaining (H&E 400x); C - Focal keratinization (H&E 400x); D - Focal immunostaining for keratin 5/6

(H&E 400x).
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Figure 9 - Photomlcrographs A - Immunohlstochemlstry for CEA with dlffuse stalnlng (H&E 100%);
B - Multifocal immunostaining for AFP (H&E 400x); C - Diffuse Hep-par (H&E 400x); D - Cytoplasmatic

granular TTF-1 staining (H&E 400x).

of tubular or papillary adenocarcinoma with sheet-
like or trabecular proliferation of neoplastic cells
with abundant eosinophilic cytoplasm and centrally
located nuclei, resembling hepatocellular carcinoma
cells. Accordingly, hepatoid lung adenocarcinoma
is a major histological subtype in clinically AFP-
producing lung adenocarcinomas. Other histological
features include cuboidal or polygonal cells with
clear cytoplasm, PAS-positive diastase-resistant
hyaline globules and vascular lake-like cystic spaces
lined by tumor cells.? Lazaro et al.®* considered
abundant eosinophilic cytoplasm and evidence of
AFP production as the minimum histological criteria
for a diagnosis of hepatoid carcinoma.

In a recent review of 261 published cases
of hepatoid adenocarcinomas, Metzgeroth et al.*
found that the most common primary site was the
stomach (63%), followed by ovaries (10%), lung
(5%), gallbladder, pancreas, and uterus (4% each).
Immunohistochemical positivity for AFP (88%) and
HepPar-1 (63%) were important diagnostic features.
Other extrahepatic organs include ampulla of Vater,
kidney, and urinary bladder.?>® Fornasa® reported

one case of metastatic hepatoid lung carcinoma to
soft tissues of the shoulder.

We report on a patient with a poorly
differentiated, advanced lung adenocarcinoma
that  showed some morphological and
immunohistochemical hepatoid features. Although
sinusoid-like spaces or trabecular architecture
with the typical round and centrally located nuclei
of hepatocytes were not observed, some areas
demonstrated sheets of cells with eosinophilic or
clear cytoplasm, distinct cell borders, and hyaline
PAS-positive cytoplasmic globules that were
reminiscent of hepatocellular differentiation and set
prompt immunohistochemical investigation.

Immunohistochemistry revealed positivity for
AFP, HepPar-1 and cytoplasmic granular staining of
TTF-1. HepPar-1 is quite specific for hepatocellular
differentiation, but other adenocarcinomas may be
positive as well, mainly gastric poorly differentiated
and signet-ring cell adenocarcinomas (about
50%).” Lung adenocarcinomas are infrequently
stained (4-8%).. Maitra et al.° demonstrated
HepPar-1 expression in six of seven hepatoid
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adenocarcinomas of the gastrointestinal tract. In the
report and review by Papatsimpas et al.,* HepPar-1
was positive in two of four tested lung hepatoid
adenocarcinomas.

Although not specific, cytoplasmic granular
staining for TTF-1 has been reported as a marker of
hepatocellular differentiation. This pattern is rarely
seen in other adenocarcinomas.’®" Anti-TTF-1
antibodies seem to react with a different epitope of
the hepatocellular mitochondrial urea cycle enzyme
carbamoyl phosphate synthetase 1, which is the
antigen for the HepPar-1 antibody,'2'® and not with
a hypothetical alternative splicing product of the
TTF-1 gene in hepatocytes.™

The serum AFP was normal in the present
case; however, neither serum- nor tissue-expressed
AFP are required for diagnosis since this is mostly
based on histopathological criteria. Nagai et al.?
demonstrated that gastric carcinomas with hepatoid
features have a worse prognosis than conventional
carcinomas regardless of AFP detection by
immunohistochemistry. Serum AFP levels have
been shown to decrease after tumor resection and
increase with recurrent disease, so it may be a useful
tool for diagnosis and follow-up purposes.’31516

Lung hepatoid adenocarcinoma is diagnosed
at an average age of 60 years (range 36-82),
predominantly in males.® There is not a consensus
on the specific amount of hepatoid features for
pathological diagnosis. The prognosis for hepatoid
lung carcinoma and AFP-producing pulmonary
carcinoma has not been fully elucidated because
of the low number of reported cases. However,
it seems to be associated with high proliferative
indexes and early metastatic potential.”'®'" For
instance, hepatoid carcinomas of the stomach
have been associated with a high incidence of
vascular invasion and metastases.? Although this
feature has not been established for lung hepatoid
adenocarcinomas, the present case showed
many sites of vascular invasion with obliteration of
pulmonary veins and adrenal metastasis. On the
other hand, cases with early stage disease have
been curatively resected.’®®

Three mechanisms of carcinogenesis are
suggested for hepatoid adenocarcinomas. First,
AFP-producing lung carcinoma may originate from
respiratory epithelium capable of multipotential
differentiation.’® Second, an adenocarcinoma
acquires the hepatic phenotype in the process of
tumor progression.? Third, (the most unlikely) the

hepatoid lung carcinoma originates in ectopic liver
tissue.’

Hepatoid and signet-ring cell cytomorphology
as well as solid, papillary and micropapillary
architectural patterns have been associated with
chromosomal rearrangements leading to the
constitutive activation of anaplastic lymphoma
receptor tyrosine kinase (ALK). ALK rearrangements
define a category of lung adenocarcinomas that
may be suitable for targeted therapy with the ALK
inhibitor crizotinib.2'?2 The presence of hepatoid,
signet-ring and solid features in the present case
raise the hypothesis of an ALK-positive lung
adenocarcinoma.

The pneumonia-like gross pattern s
classically associated with bronchioloalveolar
mucinous carcinoma, although most pneumonia-
type Dbronchioloalveolar carcinomas show a
mixture with other subtypes, including an invasive
component.?2* To the best of our knowledge, a
pneumonia-like gross pattern has not yet been
reported in hepatoid lung adenocarcinoma. In
the present case, a pneumonia-like consolidation
could be attributable to the filling of alveolar spaces
by tumor cells, inflammation, and desmoplastic
reaction.

CONCLUSION

The immediate cause of death in the present
case was pulmonary thromboembolism, a well-
known paraneoplastic manifestation of lung cancer.
Acute pulmonary edema as related to left ventricular
hypertrophy and diffuse alveolar damage may
have contributed as well. Gynecomastia has been
reported in cases of lung cancer, but beta-hCG is
usually detected in the serum or in the tumor in
these cases.?®?¢ In the present case, serum beta-
hCG levels were normal and immunohistochemistry
was negative. Gynecomastia might be related to
other hormonal imbalances or ectopic prolactin
production, but further hormonal workup was not
available in this case.
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