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Abstract:

Chest computed tomography (CT) of a 76-year-old woman with bronchial asthma showed multiple lung
nodules with high CT densities that were compatible with high-attenuation mucoid (HAM) impactions char-
acteristic of allergic bronchopulmonary mycosis (ABPM). Follow-up chest CT revealed increased sizes of
multiple lung nodules. However, a left upper lobe nodule showed lower CT density than the other HAM im-
pactions. A transbronchial lung biopsy of that upper lobe nodule revealed lung adenocarcinoma. Measuring
the CT density is important for the differential diagnosis of lung nodules when following ABPM patients.
Our patient’s increased serum carcinoembryonic antigen levels were associated with peripheral blood eosino-
philia. Mucoid impaction in the lung was positively stained with carcinoembryonic antigen and showed the

distribution of eosinophilic granules.
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Introduction

Allergic bronchopulmonary mycosis (ABPM) results from
type I and type III hypersensitivity reactions to fungi, espe-
cially Aspergillus fumigatus, and develops in patients with
allergic conditions, such as bronchial asthma (1). Typical
chest computed tomography (CT) findings of ABPM include
central bronchiectasis, mucoid impaction, centrilobular nod-
ules, consolidation, bronchial wall thickening, mosaic at-
tenuation due to air trapping, pulmonary fibrosis, and en-
larged mediastinal and hilar lymph nodes (2, 3). Mucoid im-
paction is caused by the increased accumulation of mucus
and eosinophilic inflammation of the airways, which eventu-
ally leads to dilatation of the proximal bronchial walls, alter-
natively known as central bronchiectasis. The presence of
high-attenuation mucoid (HAM) impactions on chest CT is
diagnostic for ABPM (1, 4).

We herein report a patient with ABPM, for whom meas-
urement of the CT densities of lung nodules was useful for

the differential diagnosis of lung nodules and led to the dis-
covery of lung cancer. Furthermore, increasing and sequen-
tially fluctuating levels of serum carcinoembryonic antigen
were associated with fluctuating levels of peripheral blood
eosinophilia.

Case Report

A 76-year-old woman had been treated for bronchial
asthma since 60 years old by the combination of the inhaled
corticosteroid fluticasone furoate plus the long-acting beta 2
agonist vilanterol, the leukotriene receptor antagonist mon-
telukast, and the mucolytic fudosteine. She had never
smoked and had no history of other allergic diseases, includ-
ing allergic rhinosinusitis. Her asthma had been well con-
trolled by these medications; however, blood testing revealed
peripheral blood eosinophilia (1,290/uL), an increased level
of total serum immunoglobulin E (IgE) (maximum 327.9
IU/mL), and positive results of IgE specific for various
fungi, including Aspergillus, Candida, Cladosporium, and
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Figure 1.

Chest computed tomography (CT) scans (A-D) demonstrating multiple lung nodules with

different CT densities. A left upper lung nodule (A, red arrowhead) showed a low CT density [35-50
Hounsfield units (HU)], but the right and left lower lung nodules (B, yellow arrows) had high CT
densities of 98-114 HU, which were compatible with high-attenuation mucoid (HAM) impactions.

Chest 18F-fluorodeoxyglucose (FDG)-positron emission tomography revealed an increased FDG up-

take in the left upper lung nodule (E, red arrowhead), showing a standardized maximum uptake
value (SUVmax) of 5.9, which was higher than the SUVmax of 1.4 of the HAM impaction in the left
lower lobe (F, yellow arrow), suggesting that the nodules had different properties.

Penicillium species. The Aspergillus antibody measured by
the complement fixation test was negative.

Chest CT showed multiple lung nodules with high CT
densities in the bilateral lower lobes that were consistent
with HAM impactions with central bronchiectasis. A cyto-
logical examination of bronchial washing fluid obtained dur-
ing bronchoscopy identified Aspergillus hyphae and
Charcot-Leiden crystals. Based on the new Japanese diag-
nostic criteria, these findings were diagnosed as indicative of
ABPM (1).

The patient’s serum carcinoembryonic antigen (CEA) lev-
els were increased, fluctuating between 10-20 ng/mL (nor-
mal range <5.0 ng/mL) in accordance with the appearance
of HAM impactions. Follow-up chest CT performed seven
years later revealed that multiple lung nodules had increased
in size. A lung nodule in the apex of the left upper lobe
showed a lower CT density [35-50 Hounsfield units (HU)]
than many other HAM impactions, which showed relatively
high CT densities (98-114 HU (Fig. 1). Since the CT den-
sity of the lung nodule in the left upper lobe was different
from the densities of the HAM impactions, and the patient’s

CEA level had increased to 29.0 ng/mL, we suspected that
the left upper lung nodule was a malignant lung tumor.

A transbronchial lung biopsy specimen and cytological
examination of the left upper lung nodule provided evidence
of lung adenocarcinoma (Fig. 2). Contrast-enhanced brain
magnetic resonance imaging and 18F-fluorodeoxyglucose
(FDG)-positron emission tomography (PET)-CT were nega-
tive for evidence of systemic metastatic disease. The FDG
uptake by the left upper lung nodule (Fig. 1E), with a stan-
dardized maximum uptake value (SUV...) of 5.9, was higher
than the HAM impaction in the left lower lobe, with an
SUV.a of 1.4 (Fig. 1F).

The patient underwent left upper lobectomy and resection
of the N2 mediastinal lymph nodes. The final diagnosis of
the left upper lung nodule was stage IIA (pT2aN2MO) pap-
illary adenocarcinoma with an exon 19 deletion of the epi-
dermal growth factor receptor gene. Immunohistochemistry
of lung adenocarcinoma in the left upper lobe obtained by
surgical resection revealed that the tumor was positive for
CEA staining (Fig. 2C). The patient then received four cy-
cles of chemotherapy consisting of carboplatin plus pe-
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Figure 2. A transbronchial lung biopsy specimen from the left upper lung nodule revealed adeno-
carcinoma [Hematoxylin and Eosin (H&E) staining, A]. H&E staining (B) and immunohistochemical
staining of carcinoembryonic antigen (CEA) (C) of the surgically resected left upper lung lobe re-
vealed that adenocarcinoma was positively stained with CEA. Original magnification x200.

Figure 3. Chest computed tomography (CT) before (A) and after (B, C) treatment of lung cancer
showing the disappearance of high-attenuation mucoid (HAM) impactions (red arrows) and the pres-
ence of central bronchiectasis (yellow arrows).

metrexed. The patient has been free from recurrence of the

lung cancer, and the HAM impactions have been gone for Discussion
more than 4.5 years, with her serum levels of CEA decreas-
ing to <13.8 ng/mL (Fig. 3, 4). This case demonstrates the importance of measuring the

CT density to differentiate lung cancer from HAM impac-
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Figure 4. Sequential changes in serum carcinoembryonic antigen (CEA) levels before and after

surgical resection of the lung adenocarcinoma in the left upper lobe. Serum CEA levels were dra-

matically decreased after resection of the lung tumor and 4 subsequent cycles of adjuvant chemo-

therapy, for which dexamethasone (6.6 mg) was administered on Day 1 for premedication, in accor-

dance with disappearance of the high-attenuation mucoid (HAM) impactions.

tions in a patient with ABPM. Mucoid impactions are di-
vided into HAM and non-HAM impactions on chest CT.
HAM is a chest CT finding that is characteristic of ABPM.
It has been reported in 18.7% to 30% of patients with
ABPM (4). The sensitivity and specificity of HAM impac-
tions for ABPM were reported to be 39.7% and 100%, re-
spectively (5). The proposed cut-off value of the CT density
for a HAM impaction is 70 HU (6). A CT density greater
than 100 HU is significantly correlated with increased levels
of serum IgE and peripheral blood eosinophils (6). The
bronchial asthma, central bronchiectasis with mucoid impac-
tion, HAM impactions concomitant with marked peripheral
blood eosinophilia (1,290/uL), IgE positivity specific for
various fungi, and presence of Aspergillus hyphae in bron-
chial washing fluid of the present patient were diagnostic
for ABPM according to the new Japanese diagnostic crite-

ria (1). However, one of the lung nodules showed a different
CT density, which suggested concomitant lung cancer. Thus,
measurements of CT density were useful for our patient be-
cause they enabled us to identify her lung malignancy.
Another interesting and important finding in this patient
was that her serum CEA levels fluctuated (Fig. 4) in accor-
dance with the appearance and disappearance of her HAM
impactions. CEA is produced by the epithelium of not only
the intestinal tract but also the respiratory tract. It plays an
important role in cell adhesion (7). Serum CEA levels are
increased in patients with lung, gastric, colorectal, pancre-
atic, and breast cancers. Increased serum levels of CEA in
patients with hypereosinophilia and/or various eosinophilic
lung diseases have been reported (8-11). Serum CEA levels
were elevated in a patient with eosinophilic bronchiolitis and
sinusitis with overexpression of CEA in the lung and sinus.
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Figure 5. Correlations between levels of serum CEA and serum IgE and the eosinophil counts dur-
ing the clinical course of the patient (A: serum levels of CEA vs. eosinophil counts, B: serum levels of
CEA vs serum IgE).

H&E DFS CEA

Figure 6. Lung specimen from the surgically resected left upper lung lobe for which Hematoxylin
and Eosin staining, direct fast scarlet 4BS (DFS), and immunohistochemical staining of carcinoem-
bryonic antigen (CEA) revealed mucoid impaction (substances on the right side of A and on the upper
side of B) that was positively stained with CEA, along with the distribution of eosinophil extracellular
trap cell death (ETosis)-derived acidophilic granules (stained orange by DFS staining). The luminal
side of the bronchial epithelial goblet cells was also stained with CEA (B), suggesting that the cell
polarity had been maintained compared to the adenocarcinoma shown in Fig. 2C. Alveolar macro-
phages and some eosinophils in the alveolar space were weakly stained with CEA (C). The eosinophils
were stained orange by DFS staining. Original magnification x400.
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Both the serum levels and overexpression of CEA were im-
proved in that patient by treatment with systemic corticoster-
oids (10).

Serum CEA levels were elevated in some patients with
ABPM and decreased after resolution of consolidation shad-
ows as a result of corticosteroid treatment (12). A recent
study found that the expression of CEA by eosinophils in
tissues of the respiratory tract affected by ABPM was
greater than the expression in normal lung tissues. It also
found that serum CEA levels were positively correlated with
eosinophil counts, suggesting that activated eosinophils af-
fect the levels of CEA secretion (13). We plotted the se-
quential data for the serum CEA and IgE levels and the pe-
ripheral blood eosinophil counts measured over our patient’s
clinical course, other than the data during adjuvant chemo-
therapy and five months after concluding chemotherapy in
order to exclude the effects of systemic corticosteroids, and
found a significant correlation between her serum CEA lev-
els and eosinophil counts (Spearman’s rank correlation coef-
ficient Rs=0.311, p=0.011, Fig. 5; The data were analyzed
by EZR version 1.55.) (14) but not between her serum CEA
and IgE levels (Rs=-0.226, p=0.104) or between her eosino-
phil counts and IgE levels (Rs=0.00915, p=0.946). Further-
more, we examined the immunohistochemistry of CEA and
found that mucoid impaction in the lung was positively
stained with CEA, with the distribution of eosinophil extra-
cellular trap cell death (ETosis)-derived acidophilic granules
also noted (Fig. 6). These findings, along with the positive
staining of CEA in the adenocarcinoma, suggest that the in-
creased levels of serum CEA may have been derived not
only from lung adenocarcinoma but also from mucoid im-
paction associated with eosinophilic inflammation.

In our patient with ABPM, elevated serum CEA levels ap-
peared to be associated with eosinophilic inflammatory ac-
tivity. However, the detailed mechanism underlying the ele-
vated CEA levels remains unclear. A recent study found that
the cell expression of the alarmin cytokine
interleukin-33, which is also important for the activation of
group 2 innate lymphoid cells in allergic diseases, was nec-
essary and sufficient for eosinophil-mediated antitumor re-
sponses in a mouse model (15). Eosinophils are increased in
various types of cancer in association with the granulocyte-
macrophage colony-stimulating-factor-dependent pathway
and are associated with the overall survival (16). Taken to-
gether, these findings suggest that eosinophils, CEA, and
cancer are closely associated with each other.

tumor

Conclusions

Measurement of the CT densities of lung nodules is im-
portant during follow-up of patients with ABPM. If the size
of a lung nodule is increased and/or its CT density is differ-
ent from other HAM impactions, the possibility of other an-
other disease, such as lung cancer, should be considered.

Elevated serum CEA levels appeared to be associated with
eosinophilic inflammatory activity in our patient with
ABPM.
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