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Abstract: Objective To investigate the CT imaging manifestations and clinicopathologic features of patients with primary
pulmonary invasive mucinous adenocarcinoma (PIMA) diagnosed pathologically after surgery. Methods The clinical data of 78
patients with PIMA diagnosed pathologically after surgery in the Department of Thoracic Surgery of Anhui Chest Hospital from
November 2019 to November 2021 were retrospectively analyzed. Results Among the 78 cases, 33 (42.3%) were male and 45
(57.7%) were female, aged (60.3+7.8) years in total, and serum carcinoembryonic antigen (CEA) was increased ( >5 pg/L) in 9
cases (11.5%). According to the clinical characteristics, patients could be divided into the asymptomatic group (60 cases, 76.9%)
and the symptomatic group (18 cases, 23.1%). The symptomatic group included 8 cases with coughing and coughing up mucus
sputum, 4 cases with chest tightness and chest and back pain, and 6 cases with other symptoms. Imaging manifestations
showed that 51 (65.4%) lesions were located in the inferior lobes of both lungs and 71 (91.0%) in the peripulmonary, of which 46
patients (59.0%) had completely solid pulmonary nodules, and common signs included shallow lobulation and short burrs.
Postoperative pathologic stages |, Il, Illa were found in 61 (78.2%), 9 (11.5%) and 8 (10.3%) patients, respectively. Moreover,
genetic testing was performed in 13 patients, of which 8 cases were detected with mutations of Kirsten rat sarcoma viral (KRAS)
oncogene, and 1 case was detected with mutations of epidermal growth factor receptor (EGFR) gene. Twenty-two patients
were tested for the expression of programmed death-ligand 1 (PD-L1), and totally 18 (81.8%) of these patients had a tumor
proportional score (TPS) of <1%. Conclusion Except for expectoration of mucous sputum, PIMA has no specific clinical
symptoms. CT manifestations show that the lesions usually occur in the inferior lobes and peripulmonary of the lungs, and
most pulmonary nodules are completely solid, which with signs of shallow lobulation and short burrs. Laboratory tests show
that the expression level of PD-L1 is low, and the mutations of the KRAS gene are relatively more frequent. These features have
some value in the diagnosis and differential diagnosis of PIMA.

Keywords: Pulmonary mucinous adenocarcinoma; Inferior lobe of lung; Peripulmonary; Solid pulmonary nodules; Signs of
shallow lobulation; Signs of short burrs; Programmed death-ligand 1; Kirsten rat sarcoma viral oncogene

Pulmonary invasive mucinous adenocarcinoma bronchoalveolar carcinoma (BAC), but other clinical and

(PIMA) is a variant of lung adenocarcinoma. The
prevalence of PIMA is lower than that of invasive
non-mucinous adenocarcinoma, accounting for about
2%-5% of lung adenocarcinoma, and can coexist with
non-mucinous adenocarcinoma. For mucinous
adenocarcinoma components greater than 10%, it can be
defined as mixed mucinous adenocarcinoma. The nucleus
is often located in the basal part of the tumor cells, and
more than 90% of the tumor cells show goblet or
columnar morphology, with abundant mucin in the
cytoplasm ' In the process of gene detection, Kirsten rat
sarcoma viral oncogene (KRAS) mutation was found to
be common, while epidermal growth factor receptor
(EGFR) mutation was extremely rare 1. In the 2015
WHO classification of lung tumors, lung mucinous
adenocarcinoma  was  divided into  mucinous
adenocarcinoma in situ (AIS), minimally invasive
mucinous  adenocarcinoma, PIMA and colloid
adenocarcinoma, among which PIMA was the most
common. PIMA was previously classified as mucinous

prognostic features were unclear. Pulmonary mucinous
adenocarcinoma was often divided into solitary nodule or
mass type and pneumonia type in CT imaging diagnosis
Bl In this study, 78 cases of PIMA were reviewed, all
patients were detected by CT examination and confirmed
by pathological examination. The preoperative clinical
data, laboratory examination, imaging manifestations,
postoperative pathological characteristics and some gene
test results were evaluated to improve the understanding,
diagnosis and treatment of PIMA.

1 Materials and methods

1.1 General data

The clinical data of 78 patients with PIMA from
November 2019 to November 2021 were retrospectively
analyzed. All patients were received chest thin-slice CT
examination and confirmed by surgery and pathology in
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Anhui Provincial Chest Hospital. There were 33 males
and 45 females, aged from 40 to 80 (60.3+7.8) years.
Inclusion criteria: All patients were received surgical
treatment after evaluated by >2 thoracic surgeons
according to imaging features and relevant preoperative
examinations. According to the new classification criteria
for pathological diagnosis jointly formulated by the
International Association for the study of lung cancer, the
American Thoracic Association and the European
Respiratory Society in 2011 and the WHO classification
in 2015, the pathological sections were judged until > 2
experienced pathologists reached a consensus. The
pathological diagnosis was primary PIMA, and all the
pathological data were complete.

1.2 Imaging evaluation

Imaging results were obtained from the last CT scan
before surgery. Imaging factors included tumor type,
tumor size, nodule/mass nature (pure ground glass/ part
solid/  solid), nodule/mass morphology (shallow
lobulation, short fine spiculation, pleural traction,
vascular convergence, smooth margin, etc.), tumor
location (lobar/ peripheral/ central). The lung CT
screening reporting and data system lung-RADS
diagnostic grade of each nodule was determined. The C/T
ratio was defined as the ratio of the maximum diameter of
the solid component to the maximum diameter of the
ground glass component of the pulmonary nodule. The
location of the tumor was determined by the distance
from each segment of the bronchus. The peripheral type
was defined as a lung tumor occurring below the
third-grade bronchus.
examination — and

1.3 Preoperative surgical

management

All patients need to complete cardiopulmonary
function and tumor markers examination before surgery.
A few patients with a history of gastrointestinal
adenocarcinoma have been pathologically diagnosed as
PIMA by lung biopsy or frozen section of bronchoscopy
before surgery, and secondary PIMA in the
gastrointestinal tract should be excluded. Patients with
suspected metastatic lesions in the nodules underwent

positron emission tomography CT (PET-CT) examination.

Brain magnetic resonance imaging (MRI) and
whole-body bone scan were performed in patients with
clinical stage Ib or above. The standard operation for
radical surgery is lobectomy and ipsilateral mediastinal
lymph node dissection. However, considering tumor size,
C/T ratio, tumor location, potential lung function, and
patient age, segmentectomy or wedge resection was
performed for some nodules <2 cm in diameter that
showed ground-glass density on imaging and less than
25% solid component. Pathologic parenchymal margin
was defined as the distance from the margin of the tumor
to the margin of the nearest stapler confirmed by the
pathologist.

1.4 Pathological evaluation

Tumor specimen surgically removed from each
patient was formalin-fixed and embedded in paraffin, and
the sections with the largest surface area of the tumor
were measured. The microscopic hallmark of mucinous
adenocarcinoma was that neoplastic cells mainly
composed of goblet or columnar cells, formerly known as
BAC or solid adenocarcinoma with mucinous formation,
and generally considered to have an invasive component
. In this study, PIMA was classified according to the
eighth edition of the International Lung Cancer TNM
staging standard formulated by the International
Association for the Study of Lung Cancer in 2017 [,
Tumor long axis size, histological subtype, lymph node
metastasis, lymphatic infiltration, vascular invasion,
pleural involvement, and alveolar dissemination were
evaluated. Lymph node metastasis was evaluated as
positive when tumor cells were identified in the lymph
nodes. Vascular invasion was evaluated as positive when
tumor cells were identified in the vascular lumen. Positive
pleural involvement was defined as tumor cell infiltration
beyond the pleural elastic fiber layer. When tumor cells
were detected in alveolar Spaces, alveolar dissemination
was evaluated as positive. In addition, postoperative
tissue sections from a small number of patients were
subjected to genetic testing and programmed cell death
ligand 1 (PD-L1) expression measurement.

2 Results
2.1 Patient characteristics

The age of the patients was (60.3+£7.8) years, female
accounted for 57.7%, non-smokers 66.7%. Ten patients
(12.8%) had a family history of malignant tumors,
including 4 patients with lung cancer family history.
Serum carcinoembryonic antigen (CEA) was elevated
(>5pg/L) in 9 cases (11.5%). Sixty cases (76.9%) were
asymptomatic and 18 cases (23.1%) had clinical
symptoms. Among them, 8 cases (10.3%) had cough with
mucous sputum. Because all the lesions in this study were
completely resected, the preoperative clinical TNM
staging was generally biased to the early stage, including
63 cases (80.8%) in stage I, 10 cases (12.8%) in stage II,
and 5 cases (6.4%) in stage Illa or above. Preoperative
pulmonary function evaluation showed that all patients
could tolerate surgery and were in good physical
condition. The median time from screening detection to
surgery was 3 months. See Table 1.

2.2 CT findings

Among the 78 patients, 5 cases (6.4%) were
pneumonia type and 73 cases (93.6%) were nodular/mass
type. The lesions were located in the left lower lobe in 27
cases (34.6%), the left upper lobe in 14 cases (17.9%), the
right upper lobe in 9 cases (11.5%), the right middle lobe
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in 4 cases (5.1%), and the right lower lobe in 24 cases
(30.8%), including 71 cases (91.0%) of peripheral type
and 7 cases (9.0%) of central type. The specific location
distribution is shown in Table 2. The CT images of most
patients showed pulmonary malignant tumor signs such
as shallow Ilobulation, short burr, and vascular
convergence sign. The CT window of 29 patients (37.2%)
showed mixed ground glass density, and usually the solid
component accounted for a large proportion. Forty-six
cases (59.0%) showed solid nodules, of which 4 cases
had smooth border and no obvious malignant tumor
imaging appearance, and some cases showed cavity
nodules similar to infection. Only 3 cases (3.8%) showed
pure ground glass nodules in all cases. The specific lesion
morphology and density characteristics are shown in
Table 2. Figure 1A-1D showed the CT images of some
patients.

2.3 Pathological results

According to the 2017 TNM classification, the
postoperative pathological staging included 61 cases
(78.2%) of stage I, 9 cases (11.5%) of stage II, and 8
cases (10.3%) of stage Illa or above, which were

basically the same as the preoperative pathological
staging. The postoperative pathological stage of 4 patients
decreased compared with that before operation, which
was caused by the change of tumor diameter after
operation. The postoperative pathological stage of 6
patients increased compared with that before operation,
including 4 cases caused by mediastinal lymph node
metastasis and 2 cases caused by pleural invasion. Table
3 showed the pathological characteristics of the patients
according to the postoperative pathological report results.
The median tumor diameter was 17 mm (7-85 mm).
There was lymph node metastasis in 6 cases (7.7%),
pleural involvement in 5 cases (6.4%), vascular invasion
in 8 cases (10.3%), nerve invasion in 1 case (1.3%),
bronchial margin invasion in 0 case, and interalveolar
metastasis (STAS+) in 3 cases (3.8%). Thirteen patients
underwent genetic testing, of whom 8 (61.5%) had KRAS
mutation and 1 (7.7%) had EGFR mutation. In addition,
the expression level of PD-L1 in PIMA was low. Among
the 22 patients who underwent PDL-1 test, 18 patients
(81.8%) had tumor proportion score (TPS) <1%, and only
2 patients (9.1%) had TPS score >50%. The pathological
images of some PIMA patients were shown in Figure 1E
and 1F.

Tab. 1 Clinical characteristics of 78 PIMA patients

General data Case (%) General data Case (%)
Gender Serum CEA (ng/mL)
Male 33 (42.3) <5.0 69 (88.5)
Female 45 (57.7) >5.0 9 (11.5)
Age (Years) Clinical symptoms?*
<60 37 (47.4) Asymptomatic 60 (76.9)
>60 41 (52.6) Cough, mucus sputum 8(10.3)
Smoking history Chest tightness, chest and back pain 4(5.1)
Yes 26 (33.3) Others 6(7.7)
No 52 (66.7) Preoperative clinical staging
Family history of malignant tumors Phase I 63 (80.8)
Yes 10 (12.8) Phase I1 10 (12.8)
No 62 (79.5) Phase I1la and above 5(6.4)
Unknown 6 (7.7)
Note:? indicates a patient may have multiple symptoms
Tab.2 Chest CT features of 78 PIMA patients
CT features case (%) CT features case (%)
Type Signs of lesions*
Central 7(9.0) Pleural traction sign 15(19.2)
Peripheral 71 (91.0) Short fine burr 25(32.1)
Location Smooth edges 4(5.1)
Right upper lobe 9 (11.5) Shallowly lobulated 41 (52.6)
Right middle lobe 4(5.1) Air bronchogram sign 29 (35.9)
Right lower lobe 24 (30.8) Vascular convergence sign 30 (38.5)
Left upper lobe 14 (17.9) Sign of cavity 12 (15.4)
Left lower lobe 27 (34.6) Maximum diameter
Type of shadow <3cm 62 (79.5)
Pneumonia type 5(6.4) >3cm- <5cm 9(11.5)
Nodular/mass type 73 (93.6) >5cm 7(9.0)

Characteristics of nodules

Lung-RADS"
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Solid nodule 46 (59.0) 3 5(9.8)

Mixed ground glass nodules 29 (37.2) 4A 7(13.7)

Pure ground glass nodules 3(3.8) 4B 32 (62.7)
4X 7(13.7)

Note: ®indicates that more than one sign may be present in one patient; ® indicates that 51 cases were classified.

—_—

Note: A to D were CT images. A, pneumonia type, the lesion was located in the right lower lobe, showed ground glass, honeycomb-like changes, local
consolidation, and cavity. B was a subpleural solid nodule in the left lower lung with regular and smooth margins. C was a cavity nodule under the pleura, and
bronchial inflation is seen in part of the plane (often caused by valve obstruction after mucus enters the small airway). D was a subpleural ground glass nodule in
the right lower lobar fissure, surrounded by irregular ground glass and a small number of solid components in the center. E and F showed pathological picture
(HE staining, X 100), E showed a large number of columnar epithelial cells under the microscope, which were mainly adherent. F showed a large number of
goblet cells with a lightly stained mucus distribution inside and outside the cytoplasm.

Fig.1 Typical CT images and pathological map of PIMA

Tab.3 Postoperative pathological characteristics of 78 PIMA patients

Pathological features case (%) Pathological Features case (%)
Lymph node metastasis Invasion and metastasis
No 72 (92.3) Pleural invasion (+) 5(6.4)
N1 3(3.8) Vascular invasion (+) 8(10.3)
N2 3(3.8) Nerve invasion (+) 1(1.3)
Diameter of tumor Bronchial margin (+) 0
<3cm 58 (74.4) Interalveolar metastasis (+) 3(3.8)
>3 cm--<5 cm 10 (12.8) Postoperative pathological staging (TNM)
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>5cm 10 (12.8)
PD-L1exprssion?
TPS<1% 18 (81.8)

TPS=1%, but<50%
TPS=50%

2(9.1)
2(9.1)

Phase I 61 (78.2)
Phase 11 9(11.5)
Phase I1Ia and above 8(10.3)

Note: ? indicates that 22 cases were tested.
3 Discussion

This study found that pulmonary mucinous
adenocarcinoma was similar to other peripheral
adenocarcinomas, female patients were slightly more than
male patients, 76.9% of patients had no symptoms and
were found by physical examination . Most of the
symptomatic patients were central type or pneumonia
type, and the common symptoms were dry cough, cough
mucus sputum, hemoptysis, chest tightness and chest pain.
The most common symptoms were white foamy sputum
and dry cough. It has been reported that pneumonia-type
mucinous adenocarcinoma showed patchy density on
chest CT, and may produce a large amount of foamy
white sputum. In this study, chest CT showed
consolidation similar to pneumonia in 5 cases, and 4
cases of them coughed foamy sputum, which may be the
typical symptoms of pneumonia-type mucinous
adenocarcinoma. There were 5.1% patients complained of
chest tightness and chest and back pain, 11.5% patients
with elevated CEA, 12.8% patients had a family history
of malignant tumors, including 4 patients with a family
history of lung cancer. Because all patients in this study
received surgical treatment, the preoperative TNM
clinical stage was relatively early, of which 80.8% were
stage I, and only 6.4% were stage IIla or above.

At present, mucinous adenocarcinoma is divided
into two types according to imaging findings: pneumonia
type and nodule/mass type. The prognosis of pneumonia
type is usually worse 7. Shimizu et al. B classified
mucinous adenocarcinoma into solid or partially solid
(with ground glass component) nodules without a
separate classification of pneumonia type. They believed
that pneumonia type mucinous adenocarcinoma did not
have a special related pathogenesis, but appeared from the
progression of mass type, so the pathological stage of
pneumonia type was relatively late. Lee et al. ) reported
that only 23% of PIMA cases were pneumonia type,
pneumonia type PIMA was more advanced in clinical and
pathological stage and the prognosis was often worse than
that of nodular type. All PIMA showed solid nodules or
partial solid nodules, and no PIMA patients with pure
ground-glass nodules were found in their study. In our
study, among 78 patients with PIMA, 93.6% were solitary
nodule/mass type, 6.4% were pneumonia type. The study
also found that PIMA had an obvious lobar location
tendency, mainly in the lower lobes of both lungs (65.4%),
and the peripheral 1/3 area accounted for 91.0%, which
was consistent with the study of Kim et al. '), In addition,
59.0% of the nodules were completely solid, followed by
mixed ground glass nodules (37.2%). Most of the tumors
had the imaging features of malignant tumors. The

masses were mostly shallow lobulated (41 cases), which
was due to the different growth rate of the tumor to the
surrounding areas. Short spiculation (25 cases) was the
manifestation of cancer cells infiltrating the lung stroma.
However, there are still a small number of patients with
atypical imaging findings, only showing solid nodules
with smooth margins or cavities with smooth margins.
Therefore, these patients are easy to be misdiagnosed in
clinical diagnosis, and should be paid attention to if slow
growth occurs during long-term follow-up.

As a subtype of lung adenocarcinoma, PIMA is
currently treated in the same way as other
adenocarcinomas. Except for stage I1IB and IV, surgery is
the first choice for patients with PIMA. Lobectomy plus
lymph node dissection is considered the standard
treatment, while sublobar resection can be used in some
patients with early lung cancer or poor pulmonary
function ('Y, In this study, the frequency of lymph node
metastasis in PIMA was low, only 7.7%, 6.4% had pleural
invasion, 10.3% had vascular invasion, 1.3% had nerve
invasion, and 3.8% had interalveolar metastasis. KRAS
mutation was detected in 8 of 13 patients and EGFR
mutation was detected in 1 patient. There were 22
patients who underwent PD-L1 detection, and 81.8% of
them had TPS score <1%. According to previous reports,
the mutation rate of KRAS in mucinous adenocarcinoma
is 67%-92%, while that of EGFR is only 0-22% [>13],
These results indicate that EGFR tyrosine kinase
inhibitors are largely ineffective in the treatment of
mucinous adenocarcinoma, and KRAS mutations may be
associated  with  carcinogenesis of  mucinous
adenocarcinoma, but no relevant targeted drugs are
currently available. The expression level of PD-L1 in
PIMA is usually lower than that in nonmucinous
adenocarcinoma, so most patients cannot be treated with
immunosuppressive  agents  targeting PD-1/PD-L1
proteins. At present, the prognosis of PIMA is different,
and some studies have shown that the overall prognosis
of PIMA is worse than that of non-mucinous
adenocarcinoma patients '+13]. Xu et al. [ showed that
the overall survival of IMA was significantly better than
that of INMA in patients with the same surgical resection.
Studies have found that lymph node involvement and
distant organ metastasis were less common in mucinous
adenocarcinoma compared with other types of non-small
cell lung cancer, and dead patients usually progress to
pneumonia at a later stage, and diffuse lung involvement
eventually leads to respiratory failure ['71.

In conclusion, this study mainly analyzed the CT
findings and clinicopathological features of primary
PIMA. PIMA is common in middle-aged and elderly
people, and has a higher incidence in female non-smokers.
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Chest CT mainly showed consolidation, which was more
common in the lower lobes of both lungs, and more
common in the subpleura. The proportion of solid nodules
was higher, and most of them had shallow lobulation and
short spiculation. Patients with elevated tumor markers
had a relatively advanced stage, less pleural invasion, and
a lower incidence of lymph node metastasis. The most
common symptom is cough of mucinous sputum, but
most patients are found by physical examination. For
patients with recurrent cough with mucinous sputum,
chest CT shows large patchy shadows, resembling lobar
pneumonia, and no absorption of the lesions after a period
of anti-infective treatment, mucinous adenocarcinoma
should be considered. The KRAS mutation is more likely
to occur in primary PIMA, and there is no targeted drug
for this gene. The expression level of PD-L1 is low, so
most patients do not respond well to immunosuppressive
therapy.

There are some limitations of this study. First, all the
patients were treated after 2019, and the 5-year survival
rate has not been counted at present, further analysis will
be conducted on the prognosis of surgical treatment for
PIMA later. Secondly, it is a single-institution study with
limited number of cases, and the results may be biased. In
order to obtain more precise conclusions, multi-center
prospective studies with larger samples should be
conducted.
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Abstract: Objective To investigate the CT imaging manifestations and clinicopathologic features of patients with
primary pulmonary invasive mucinous adenocarcinoma ( PIMA) diagnosed pathologically after surgery. Methods The
clinical data of 78 patients with PIMA diagnosed pathologically after surgery in the Department of Thoracic Surgery of
Anhui Chest Hospital from November 2019 to November 2021 were retrospectively analyzed. Results Among the 78
cases, 33 (42.3%) were male and 45 (57.7%) were female, aged (60.3 +7.8) years in total, and serum
carcinoembryonic antigen ( CEA) was increased (>5 ng/mL) in 9 cases (11.5%). According to the clinical
characteristics, patients could be divided into the asymptomatic group (60 cases, 76.9%) and the symptomatic group
(18 cases, 23.1%). The symptomatic group included 8 cases with coughing and coughing up mucus sputum, 4 cases
with chest tightness and chest and back pain, and 6 cases with other symptoms. Imaging manifestations showed that 51
(65.4%) lesions were located in the inferior lobes of both lungs and 71 (91.0%) in the peripulmonary, of which 46
patients (59.0%) had completely solid nodules, and common signs included shallow lobulation and vascular cluster
sign. Postoperative pathologic stages |, Il , llla were found in 61 (78.2%), 9 (11.5%) and 8 (10.3%) patients,
respectively. Moreover, genetic testing was performed in 13 patients, of which 8 cases were detected with mutations of

Kirsten rat sarcoma viral oncogene (KRAS) , and 1 case was detected with mutations of epidermal growth factor receptor
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(EGFR) gene. Twenty-two patients were tested for the expression of programmed death-ligand 1 (PD-L1), and 18

(81.8%) of these patients had a tumor proportional score ( TPS) of<1%. Conclusion

Except for expectoration of

mucous sputum, PIMA has no specific clinical symptoms. CT manifestations show that the lesions usually occur in the

inferior lobes and peripulmonary of the lungs, and most pulmonary nodules are completely solid, which with signs of

shallow lobulation and vascular cluster. Laboratory tests show that the expression level of PD-L1 is low, and the KRAS

mutations are relatively more frequent. These features have some value in the diagnosis and differential diagnosis of

PIMA.

Keywords: Pulmonary mucinous adenocarcinoma; Inferior lobe of lung; Peripulmonary; Solid pulmonary nodules;

Signs of shallow lobulation; Vascular cluster sign; Programmed death-ligand 1; Kirsten rat sarcoma viral oncogene;

Epidermal growth factor receptor
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Tab. 2 Chest CT features of 78 PIMA patients
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Fig. 1 Typical CT images and pathological map of PIMA
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