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a b s t r a c t 

A 64-year-old woman presented to our hospital with cough and a large amount of white 

foam sputum, F-fluorodeoxyglucose positron emission tomography/computed tomography 

(F-FDG PET/CT) showed diffuse ground-glass opacities in both lungs, which was consid- 

ered as infectious pneumonia. However, after ineffective anti-infection, the primary inva- 

sive mucinous adenocarcinoma was finally diagnosed. Pulmonary invasive mucinous ade- 

nocarcinoma is rare and special subtype of lung adenocarcinoma, it has a variety of imaging 

manifestations. When intense tracer uptake, air bronchial sign, honeycomb sign present in 

diffuse ground-glass opacities in F-FDG PET/CT, lung invasive mucinous adenocarcinoma 

should be highly suspected. 

© 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 
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Introduction 

With the COVID-19 epidemic, people have a deeper under-
standing of Ground-glass opacities (GGOs). GGOs is a common
lung abnormal image that can be seen in a variety of diseases
such as interstitial lung disease, infection, diffuse alveolar
hemorrhage and alveolar proteinosis, and the most common
is infectious pneumonia, especially viral pneumonia [1–4] . Pri-
mary pulmonary invasive mucinous adenocarcinoma (IMAs)
is a rare and special subtype of pulmonary invasive adenocar-
cinoma. It has a variety of imaging manifestations, which can
be nodules, consolidation or GGOs [5–7] . Here we report a case
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of diffuse GGOs in both lungs that is misdiagnosed as infec-
tious pneumonia in 

18 F-fluorodeoxyglucose positron emission
tomography/computed tomography ( 18 F-FDG PET/CT), and fi-
nally IMAS is histologically confirmed. 

Case report 

A 64-year-old woman developed cough and sputum 3 months
ago before admission. The amount of sputum was large, white
and foamy, about 800ml/d, accompanied by chest tightness,
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Fig. 1 – The MIP (A), transverse CT(B–D), corresponding PET (E–G), and fused (H–J) images revealed GGOs was diffusely 

distributed in whole lungs, especially in the middle and lower lobes of the right lung. The aerated bronchus shadow could 

be seen inside the GGOs, and FDG uptake increased in different degrees (SUVmax range 6.4-24.3). The trachea and bronchus 
were unobstructed and normal shape. In addition, an air-filled cavity (arrow) could be seen in the lower lobe of the right 
lung, and the surrounding lung tissue showed honeycomb changes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

shortness of breath and chest pain. Physical examination:
body temperature 38.2 °C, heart rate 92 beats/min, breathing
18 times/min, blood pressure 107/76 mm Hg, barrel chest, wet
rales can be heard under both lungs. Laboratory examination:
total number of white blood cells was 12.7 × 10 9 /L (the normal
reference range of our hospital was 4.0-10.0 × 10 9 /L, the same
below), the ratio of neutrophils was 0.79 (0.50-0.70), and the
number of red blood cells was 6.28 × 10 12 /L (3.50-5.00 × 10 12 /L),
hemoglobin was 196g/L (110-150 g/L); procalcitonin was 0.074
ng/ml (0.000-0.046 ng/ml); C-reactive protein and erythrocyte
sedimentation rate were normal; tumor and tuberculosis in-
dicators were negative. No obvious abnormal cells were seen
in the sputum smear. SARS-Cov-2 nucleic acid test was nega-
tive. Chest computed tomography (CT) showed diffuse ground
glass shadows in both lungs. Based on the patient’s symptoms
and related examinations, infectious pneumonia should be
considered, then regular anti-infection, expectorant and im-
proving circulation were given. 

After a period of treatments, the blood test showed that
the total number of white blood cells and the ratio of neu-
trophils had dropped to normal, but the patient’s symptoms
did not significantly alleviate, and chest CT showed no signif-
icant changes in diffuse lung lesions. Then 

18 F-FDG PET/CT
was performed to identify the nature of lung lesions ( Fig. 1 ) .
From the image, we can observe that the GGOs were dif-
fusely distributed in both lungs, especially in the middle and
lower lobes of the right lung, and the FDG uptake value in-
creased to varying degrees (standard uptake value, SUVmax
range 6.4 ∼24.3). The air bronchogram was seen in the ground-
glass density shadows, and the lumen was unobstructed, with
walked slightly stiff. In addition, an air-filled cavity (indicated
by the arrow) was seen in the lower lobe of the right lung, the
surrounding lung tissue showed honeycomb changes. and the
FDG uptake value was the highest, with the SUVmax was 24.3.
There were no obvious enlarged lymph nodes in the hilum
and mediastinum. Combining the patient’s medical history
and PET/CT findings, we recommended a needle biopsy avoid-
ing the cavity in the right lower lobe to rule out the presence
of malignant tumors. Subsequently, the patient underwent a
bronchoscopy. A large number of serous secretions in the bi-
lateral lumens were seen, centered on the right lower lobe.
After repeated washings, no obstruction or new tissue were
seen in the lumen of each bronchus. Bronchoscopy lung biop-
sies was performed at the outer basal segment, posterior basal
segment, dorsal segment of the right lower lobe and the dorsal
segment of the left lower lobe. Combined with pathology, the
primary invasive mucinous adenocarcinoma of the lung was
further diagnosed ( Fig. 2 ) . 
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Fig. 2 – Microscopic examination (A–C, hematoxylin-eosin stain; original magnification, × 200) showed the cancer cells were 
papillary and not typical adenoid arrangement, with nuclei slightly enlarged, hyperchromatic and abnormity. 
Immunohistochemistry showed CK7 ( + ), TTF-1 ( + ), NapsinA ( + ), CK5/6 ( + ), P63 (-), P40 (-), Syn (-), ALK (D5F3) (-), Ki-67 
positive cell number < 10%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion 

The 2015 version of the new WHO lung tumor histological
classification divides lung adenocarcinoma into pre-invasive
lesions, micro-invasive adenocarcinoma and invasive ade-
nocarcinoma [8] , among which IMAs are a rare and special
subtype of invasive adenocarcinoma, accounting for approxi-
mately 2%-10% of lung adenocarcinoma [5] . It usually occurs
around the lungs and grows along the alveolar walls. The pul-
monary interstitium, pleura and blood vessels of the lung are
generally unaffected. Tumor cells in IMAs are highly discrete,
poor adhesion, easily spread widely through alveolar pores
and small airways, which is an important reason for its diffuse
distribution [ 9 ,10 ]. Middle-aged and elderly people are suscep-
tible to this disease, and the incidence rate is higher in women
than in men. The general clinical symptoms lack specificity.
Coughing a large amount of white foamy sputum is consid-
ered to be one of its characteristics, but it is generally rare [11] .
In addition to cough and sputum, this patient also had mild
fever and the white blood cells elevated. It may be caused by
the secretion of a large amount of mucus that was not easy to
cough up and caused obstructive pneumonia. This is also an
important reason why this case was misdiagnosed as infec-
tious pneumonia. 

IMAs has a variety of imaging manifestations, which can
be nodules, consolidation or GGOs. IMAs with consolidation
or GGOs is sometimes difficult to distinguish from infectious
pneumonia. Therefore, in recent years, this type of lung can-
cer is often named pneumonic-type lung carcinoma. High res-
olution chest CT is still the main examination method for
diagnosing pneumonia-type IMAs, but the first diagnosis is
easy to be misdiagnosed as infectious pneumonia, intersti-
tial lung disease, diffuse alveolar hemorrhage and other be-
nign lung lesions. The possibility of pneumonia-type IMAs
should be highly suspected when the following signs appear
on chest CT [ 6 ,7 ]: (1) honeycomb transparent area in the le-
sion (vacuole sign); (2) air bronchogram sign; (3) interlobar fis-
sure bulging fissure sign;(4) angiogram sign. Magnetic reso-
nance imaging (MRI) is rarely used in the diagnosis of lung
diseases, but Gaeta M et al. found that MRI water-sensitive se-
quences is of great significance in distinguishing pneumonia-
type mucinous adenocarcinoma from infectious pneumonia
[12] . The appearance of white lung sign in MRI water-sensitive
sequences highly suggests the possibility of pneumonia-type
mucinous adenocarcinoma. As an important and accurate
non-invasive imaging method, FDG PET/CT can reflect the
anatomical and metabolic information of the lesion at the
same time, and has important value for tumor diagnosis, stag-
ing, prognosis and curative effect evaluation. Zheng N et al.
found that FDG PET/CT early imaging is of limited value in
the diagnosis of IMAs, and dual-phase or delayed imaging can
significantly improve the accuracy of diagnosis [13] . In addi-
tion, studies have found that the pathological infiltration area
of IMAs is closely related to SUVmax, and the SUVmax of tu-
mors with an infiltration area of ≤5 mm is significantly lower
than those with an infiltration area of > 5 mm [ 14 ,15 ]. The case
we reported is a diffuse invasive mucinous adenocarcinoma,
involving both lungs, and the highest SUVmax value reached
24.3, which is consistent with the results of previous studies.
Another important role of FDG PET/CT is to guide biopsy. In
this case, the SUVmax of diffuse ground glass density shadow
in both lungs was significantly higher than the SUVmax of in-
fectious pneumonia we have encountered in the past. In or-
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der to rule out the existence of malignant tumors, we recom-
mended a needle biopsy at the highest FDG uptake in the right
lower lobe because the most active area of FDG uptake is often
marked as the most meaningful biopsy. In the end, the clin-
ician adopted our suggestion and performed bronchoscopy
lung biopsy in multiple lower lobes of both lungs. The patho-
logical diagnosis was IMAs. 

The existing literature is controversial about the progno-
sis of IMAs. Some studies believe that the prognosis of IMAs
is relatively poor compared with other types of lung adeno-
carcinoma [16] . Boland JM et al. proved that there is no dif-
ference in the rate of recurrence-free survival between IMAs
and non-mucinous adenocarcinoma [17] . For mass adenocar-
cinoma, surgical treatment is the best choice. But for diffuse
invasive mucinous adenocarcinoma, which cannot be surgi-
cally removed, timely diagnosis, early chemotherapy is a bet-
ter treatment option. The patient in this case gave up treat-
ment after diagnosis, so the treatment and prognosis cannot
be followed up. 

Conclusion 

The clinical symptoms of IMAs lack specificity, and one of
the characteristics is coughing a lot of white foamy sputum.
Imaging findings are often difficult to distinguish IMAs from
infectious pneumonia. When we find the honeycomb sign,
the air bronchogram sign etc. in imaging, IMAs is highly sus-
pected. Anti-inflammatory treatments are generally ineffec-
tive. Pathological biopsy or cytologic examination is the gold
standard for diagnosing the disease. 

Patient consent 

The patient has provided consent to the submission of the
case report to the journal, and has passed the human ethics
review. 

R E F E R E N C E S  

[1] Joob B , Wiwanitkit V . 18F-FDG PET/CT and COVID-19. Eur J 
Nucl Med Mol Imaging 2020;47:1348 .

[2] Zou S , Zhu X . FDG PET/CT of COVID-19. Radiology 
2020;296:E118 .

[3] Minamimoto R , Hotta M , Ishikane M , Inagaki T . FDG-PET/CT 

images of COVID-19: a comprehensive review. Glob Health 

Med 2020;2:221–6 .
[4] Chen H , Pang Y , Meng T , Yu X , Sun L . 18F-FDG and 68Ga-FAPI 

PET/CT in the evaluation of ground-glass opacity nodule. 
Clin Nucl Med 2021;46:424–6 .
[5] Tsuta K , Kawago M , Inoue E , Yoshida A , Takahashi F ,
Sakurai H , et al. The utility of the proposed IASLC/ATS/ERS 
lung adenocarcinoma subtypes for disease prognosis and 

correlation of driver gene alterations. Lung Cancer 
2013;81:371–6 .

[6] Sun F , Wang P , Zheng Y , Jia W , Liu F , Xiao W , et al. Diagnosis,
clinicopathological characteristics and prognosis of 
pulmonary mucinous adenocarcinoma. Oncol Lett 
2018;15:489–94 .

[7] Nie K , Nie W , Zhang YX , Yu H . Comparing clinicopathological
features and prognosis of primary pulmonary invasive 
mucinous adenocarcinoma based on computed tomography 
findings. Cancer Imaging 2019;19:47 .

[8] Travis WD , Brambilla E , Nicholson AG , Yatabe Y , Austin JHM ,
Beasley MB , et al. The 2015 World Health Organization 

Classification of Lung Tumors:impact of genetic,clinical and 

radiologic advances since the 2004 classification. J Thorac 
Oncol 2015;10:1243–60 .

[9] Suzuki S , Aokage K , Hishida T , Yoshida J , Kuwata T ,
Yamauchi C , et al. Interstitial growth as an aggressive growth
pattern in primary lung cancer. J Cancer Res Clin Oncol 
2016;142:1591–8 .

[10] Masai K , Sakurai H , Sukeda A , Suzuki S , Asakura K ,
Nakagawa K , et al. Prognostic impact of margin distance and 

tumor spread through air spaces in limited resection for 
primary lung cancer. J Thorac Oncol 2017;12:1788–97 .

[11] Dirican N , Baysak A , Cok G , Goksel T , Aysan T . Clinical 
characteristics of patients with bronchioloalveolar 
carcinoma: a retrospective study of 44 cases. Asian Pac J 
Cancer Prev 2013;14:4365–8 .

[12] Gaeta M , Ascenti G , Mazziotti S , Contiguglia R , Barone M ,
Mileto A . MRI differentiation of pneumonia-like mucinous 
adenocarcinoma and infectious pneumonia. Eur J Radiol 
2012;81:3587–91 .

[13] Zheng N , Bai X , Niu R , Wang X . Primary pulmonary mucinous
adenocarcinoma was better visualized on delayed FDG 

PET/CT imaging. Clin Nucl Med 2016;41:809–11 .
[14] Murakami S , Saito H , Karino F , Kondo T , Oshita F , Ito H ,

et al. 18F-fluorodeoxyglucose uptake on positron emission 

tomography in mucinous adenocarcinoma. Eur J Radiol 
2013;82:721–5 .

[15] Nakamura H , Saji H , Shinmyo T , Tagaya R , Kurimoto N ,
Koizumi H , et al. Close association of IASLC/ATS/ERS lung 
adenocarcinoma subtypes with glucose-uptake in positron 

emission tomography. Lung Cancer 2015;87:28–33 .
[16] Casali C , Rossi G , Marchioni A , Sartori G , Maselli F , Longo L ,

et al. A single institution-based retrospective study of 
surgically treated bronchioloalveolar adenocarcinoma of the 
lung: clinicopathologic analysis, molecular features, and 

possible pitfalls in routine practice. J Thorac Oncol 
2010;5:830–6 .

[17] Boland JM , Maleszewski JJ , Wampfler JA , Voss JS , Kipp BR ,
Yang P , et al. Pulmonary invasive mucinous adenocarcinoma 
and mixed invasive mucinous/nonmucinous 
adenocarcinoma-a clinicopathological and molecular 
genetic study with survival analysis. Hum Pathol 
2018;71:8–19 .

http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0001
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0001
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0001
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0002
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0002
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0002
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0003
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0003
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0003
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0003
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0003
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0005
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0005
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0005
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0005
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0005
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0005
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0005
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0005
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0006
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0006
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0006
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0006
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0006
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0006
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0006
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0006
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0007
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0007
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0007
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0007
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0007
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0008
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0008
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0008
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0008
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0008
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0008
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0008
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0008
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0009
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0009
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0009
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0009
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0009
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0009
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0009
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0009
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0011
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0011
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0011
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0011
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0011
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0011
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0012
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0012
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0012
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0012
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0012
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0012
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0012
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0013
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0013
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0013
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0013
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0013
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0014
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0014
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0014
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0014
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0014
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0014
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0014
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0014
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0015
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0015
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0015
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0015
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0015
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0015
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0015
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0015
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0016
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0016
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0016
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0016
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0016
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0016
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0016
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0016
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0017
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0017
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0017
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0017
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0017
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0017
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0017
http://refhub.elsevier.com/S1930-0433(21)00884-0/sbref0017

	Primary lung invasive adenocarcinoma misdiagnosed as infectious pneumonia in 18F-FDG PET/CT:A case report
	 Introduction
	 Case report
	 Discussion
	 Conclusion
	 Patient consent
	 References


