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Abstract

Introduction: Pulmonary adenoid cystic carcinoma (PACC) is a rare, low-grade malignant
salivary gland-type tumor characterized by a dormant onset and slow progression, often
leading to misdiagnosis. Due to its rarity, limited cases have been reported in the literature.
This report aimed to enhance clinicians’ understanding of this infrequent disease. Case
Presentation: We present the case of a 41-year-old female patient diagnosed with PACC.
Our report provides a comprehensive analysis of the patient's imaging, pathology, and
treatment, with a particular focus on immunohistochemical results. Importantly, we
emphasize the significance of considering foreign bodies and tumors in the bronchus when
encountering asthma-like symptoms unresponsive to conventional treatments. Due to the
uncertain etiology and pathophysiology of PACC, there are currently no established guidelines
for chemotherapy and radiotherapy. Conclusion: PACC predominantly manifests as bronchial
lesions without significant clinical heterogeneity. Therefore, it is crucial to consider foreign
bodies and tumors in the bronchus when dealing with asthma-like symptoms, especially in
patients without chronic lung disease who do not respond to anti-infective, antispasmodic, and
antiasthmatic treatments. Additionally, meticulous examination of lesions is essential for timely
diagnosis and intervention, ultimately improving patient survival rates.
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Introduction

Pulmonary adenoid cystic carcinoma (PACC) originates from the submucosal serous or
mucus glands of the bronchus. PACC constitutes roughly 0.04-0.2% of primary pulmonary
neoplasm and accounts for 10% of all bronchial carcinomas, making it the second most
common pathological type of primary tracheal neoplasm after squamous cell carcinoma [1, 2].
PACC is frequently observed in middle-aged and young adults without significant gender bias
in incidence. The clinical presentation of the disease is nonspecific, often resulting in frequent
misdiagnosis or missed diagnosis as a sputum embolus or another form of pulmonary
neoplasm.

The majority of PACC lesions occur in the trachea or lobar bronchus. The demarcation of
the tumor margin from the surrounding tissues is indistinct to the naked eye, with micro-
scopically cancer cells arranged in solid striated, glandular, or sieve-like structures. These
cells infiltrate and grow into and out of the bronchus, or infiltrate along the submucosa of the
bronchus to distance. Certain subtypes of solid structure are believed to have strong local
aggressiveness according to some pathologists [3, 4].

PACC can span decades from the appearance of an intratracheal mass to the development
of obstructive symptoms or distant metastases. Although lymph node metastasis is rare, the
disease can metastasize to the hilar lymph nodes or mediastinal lymph nodes, as well as to the
liver, bone, brain, and other organs through hematogenous metastasis. The CARE Checklist
has been completed by the authors for this case report, attached as supplementary material
(for all online suppl. material, see https://doi.org/10.1159/000535505).

Case Report

In October 2022, a 41-year-old female patient presented to our hospital with a history of
cough, dyspnea, and chest tightness for over 1 year. These symptoms were exacerbated in the
lying position and improved in the sitting position. The patient denied any history of exposure
to environmental toxins such as dust, benzene, or cyanide, as well as any family hereditary
diseases, smoking, or alcohol consumption.

The patient’s vital signs were normal. Cardiac and abdominal examinations were
conducted, with no significant abnormalities noted. The respiratory system was examined
with inspection, palpation, and percussion, revealing no observable anomalies, but the
patient had weakened breath sounds in both lungs, and wheezing rale can be heard on deep
inspiration.

Ancillary examination results revealed that a chest computed tomography (CT) con-
ducted on October 28, 2022, showed a small, lamellar, slightly dense shadow and protrusion
in the left bronchus, which was diagnosed as a sputum embolism, and tiny solid nodules were
found in the posterior segment of the upper lobe apices of the left lung. Following 3 days of
intravenous antibiotics, expectorants, and bronchodilator treatment, chest CT contrast en-
hancement on October 31, 2022, suggested that there was no significant change compared
with the previous image. Thickness and adhesion were also detected in the left pleura (shown
in Fig. 1). In pursuit of a precise diagnosis, bronchoscopy was employed. Electronic bron-
choscopy unveiled a tumor, positioned about 0.5 cm from the upper carina of the left main
bronchus. This results in notable lumen narrowing, a smooth mucosal surface, and a pro-
nounced inflammatory response with mucosal congestion and vascular hyperplasia. The
tumor, measuring approximately 2-2.5 cm and located at the 6 o’clock direction, exhibits a
surface adorned with a thickened, disordered vascular network, enhancing brittleness and
susceptibility to bleeding upon contact. Importantly, the lower end of the left main bronchus
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Fig. 1. Chest CT imaging showing a slightly high-density shadow with a narrow lumen in the left bronchus, as
indicated by the red arrow in both CT pulmonary window image (a) and mediastinal window image (b).

and the bronchial openings in each lobe of the left lung remain unobstructed (shown Fig. 2).
Additionally, pulmonary function tests showed mixed ventilatory dysfunction, small airway
obstruction, mild reduction in pulmonary reserve function, and a positive bronchial dilation
test (BDT).

Upon tracheoscopic biopsy, the pathology report indicated the patient was diagnosed
with PACC (shown in Fig. 3). The patient’s microsatellite stability was determined by the
presence of PMS-2 (+), MSH6 (+), and MSH2 (+) markers. As the patient was ineligible for
immunotherapy, the physician recommended surgical removal. Using SSTR2, CD56, CgA,
and Syn markers, neuroendocrine tumor can be specifically identified if at least one of the
last three markers is strongly positive or two or more are positive. Pathological examination
of the patient’s tissues revealed glandular cavity-like changes with irregular invasive
growth, but immunohistochemistry showed the presence of P63 (+), P40 (+), and CK5/6 (+)
markers in squamous epithelial cells, indicating the presence of PACC. Ki-67 is a commonly
used marker to differentiate between benign and malignant tumor based on proliferative
activity. For this patient, a Ki-67 level of 20% was observed, indicating the presence of low-
grade malignant tumor proliferation characteristics. Other auxiliary examinations were
normal.

Following a multidisciplinary approach involving pathology, imaging, oncology, thoracic
surgery, and respiratory medicine, experts unanimously recommended the patient to
undergo carina reconstruction operation in the thoracic surgery department to remove the
bronchial carcinoma. However, the patient and her family declined surgical treatment and
requested discharge. On the 18th day, the patient, experiencing aggravated symptoms,
sought care at another hospital, receiving a reaffirmation of PACC. Following a compre-
hensive evaluation, corrective surgery ensued on the 24th day, encompassing left main
bronchial mass resection, bronchial sleeve resection, and carinoplasty. The lesion was
entirely excised, and accompanying lymph nodes were meticulously explored and cleared,
devoid of observable residual tumor tissue. Intraoperative frozen pathological biopsy
confirmed malignancy with a negative stump. Lymph nodes in groups 4, 5, 7, and 10 ex-
hibited no metastasis. The procedure, characterized by a smooth course and approximately
100 mL intraoperative blood loss, ensured unobstructed bronchial openings, as verified by
postoperative bronchoscopy. Eight months post-surgery, the evolution is generally favor-
able, with no recurrence of the tumor or distant metastasis. However, the left main bronchus
is completely blocked by granulation tissue and sputum (shown in Fig. 4). Notably, the
patient, devoid of postoperative radiotherapy, chemotherapy, or immunotherapy, presently
experiences markedly reduced dyspnea symptoms, with occasional coughing and expec-
toration. Figure 5 presents the event timeline.
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Fig. 2. a-d Observation of new organisms obstructing part of the lumen in the left main bronchus,
0.5 cm from the carina (indicated by yellow arrow). No apparent abnormalities were found in the right
main bronchus or any other bronchial segments, except for bronchitis changes.

Fig. 3. Pathological biopsy of tissue specimen. Special staining results: silver staining (+). Immunohisto-
chemical results: PMS-2 (+), MSH6 (+), MSH2 (+), MLH1 (+), CK5/6 (+), Her-2 (2+), PD-L1 (TPS: 0%), Ki-67
(20%), SSTR2 (focal+), CD56 (focal+), CgA (=), -Syn (=), P63 (+), P40 (+), Villin (<), CK20 (=), CK7 (+),
CKL (focal+). a, b Tumor morphology with glandular cavity-like changes, irregular and infiltrative
growth. ¢ CK5/6.

a

Fig. 4. Follow-up bronchoscopy at 8 months after surgery. a The left main bronchus is completely blocked
by granulation tissue and sputum. b Interventional therapy such as balloon dilation for airway stenosis.
¢, d Left main bronchus recanalization after interventional treatment.

Discussion

In this section, we initially provide a comprehensive analysis of the clinical presentation,
diagnosis, treatment, and prognosis of the present case. Subsequently, we selectively re-
viewed relevant case reports of first-time diagnosed PACC in the past 5 years [5-21]. A
comparative analysis is presented in Table 1 through a literature review. We then compared
these findings with our case, offering our insights to highlight the diagnostic challenges and
the importance of reporting this case.

PACC typically exhibits slow growth, predominantly in the upper trachea’s upper third
segment. Clinical symptoms are nonspecific, challenging chest X-ray detection. Diagnostic
emphasis lies on chest CT and bronchoscopy, relying on pathological biopsy confirmation. For
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Fig. 5. Timeline of the diagnostic process.

patients with respiratory symptoms, prioritizing chest CT over X-ray aids timely airway lesion
detection. In initial stages, small tumors may yield normal lung function, while increasing
tumor size leads to positive bronchodilation tests, potentially misdiagnosed as asthma or
chronic obstructive pulmonary disease. Early stages often lack overt symptoms, with pro-
nounced difficulties emerging when cavity obstruction exceeds 50-75%, causing breath-
lessness, cough, and phlegm. Syncope may occur, indicating advanced stages with limited
surgical options and a poor prognosis [22-27]. PACC is highly infiltrative and can extend into
the lung parenchyma and mediastinum. Complete surgical resection may be challenging when
the tumor invades the peripheral nerve, and local recurrence is common; nevertheless, distant
organ metastasis is infrequent.

The cytology of PACC is characterized by round, oval tumor cells with sparse cytoplasm,
high nucleoplasmic ratio, smooth contours, and no obvious nucleoli, with dense chromatin
that contains transparent spheres form dense, bifurcated tubular clusters of cells, which is a
pathological feature of the disease [28]. Studies have shown that PACC can differentiate into
glandular epithelial, myoepithelial, or intermediate-type cells. Immunohistochemistry pri-
marily expresses the ductal cells marking EMA, CK7, CD117, CEA, and myoepithelial cells
marking P63, S-100, Calponin, SMA, CK5/6. Co-expression of CD117 and P63 suggests a more
aggressive tumor and a poor prognosis. The higher the expression of CD117, the worse the
prognosis [29, 30]. Several studies have suggested that CD117 expression levels are nega-
tively correlated with the prognosis of primary PACC [31].

It is critical to differentiate primary PACC from metastatic PACC originating from other
sites during diagnosis. In the current case, there is no evidence of lesions at other sites or
adjacent and distant metastases. The pathology report suggests that neoplastic lesions are
present, but further analysis is necessary to identify whether they are adenoid cystic
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Table 1. Literature review of the reported cases of PACC

Ref Age/sex Clinical manifestation Dur. Size Metastasis of lymph node/
other organs
[5] 43/F - - 4 cm -/-
[6] 37/F Fever - - N/N
[7] 50/M Cough, dyspnea 4 Large cystic Y/Y
mo  mass
[8] 58/M Expectoration, hemoptysis - - N/N
[8] 52/F Cough, wheezing, dyspnea 4y - N/N
[9] 27/F Chest discomfort, cough, 1 24x12x2cm N/N
hemoptysis mo
[10] 28/M Dyspnea - Entire trachea N/N
[11] 82/M Dyspnea, dry cough, anorexia, - 8.2 cm -/-
weight loss
[12] 82/M Tracheitis, dysphonia 3 4.6 cm N/N
mo
[13] 62/M Dyspnea, cough ly 34 x28cm N/N
[14] 30/F Dyspnea, wheezing, cough ly - N/N
[15] 43/M Dyspnea, wheezing - - N/N
[16] 51/M Dyspnea, cough, lightheadedness, 8 61x53cm Y/Y
weight loss mo
[17] 16/F Dyspnea 5d Subglottic N/N
region
[18] 53/F Dyspnea, hemoptysis 2y - Y/Y
[18] 25/F Cough, hemoptysis ly - N/N
[19] 26/F Dyspnea, dry cough 2 1.1 x 1.3 cm N/N
mo
[20] 51/M Discomfort in the pharynx - 4 cm N/N
[21] 45/F Progressive shortness of breath - - Y/Y
Ref Treatment Follow-up
[5] Radiotherapy Unknown (loss of follow-up)
[6] Surgical resection (bronchial stump negative)  Distant metastasis occurred 6 years later
[7] Palliative chemotherapy In poor general condition
[8] Surgical resection (bronchial stump negative)  After 7 months of follow-up, no tumor recurrence
[8] Surgical resection (bronchial stump positive),  Follow-up of 6 months with a clear improvement in

radiotherapy

dyspnea
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Table 1 (continued)

Ref Treatment

Follow-up

[9] Surgical resection (bronchial stump positive),

Unknown (three-monthly clinical reviews)

radiotherapy
[10] Radiotherapy, chemotherapy, durvalumab No tumor progression after 15 months
maintenance
[11] Refusal to treatment -
[12] Surgical resection, radiotherapy Complete response to the radiotherapy after 6 and
12 months of follow-up
[13] Surgical resection, radiotherapy Absolute improvement of clinical status in follow-up
[14] Radiotherapy, cryoablation Normal healing trachea after 6-month post-
radiotherapy
[15] Surgical resection (bronchial stump positive), = No tumor recurrence
radiotherapy
[16] Removing/lasering 3.5 cm of tumor, Progressive metastatic disease and worsening
radiotherapy, chemotherapy symptoms
[17] Proton radiotherapy No recurrence or metastasis till date
[18] Palliative right sleeve pneumonectomy with Deceased due to severe pneumonia
resection of the carina
[18] Surgical resection No tumor recurrence
[19] Surgical resection Recent 6-month follow-up shows no tumor
recurrence
[20] Surgical resection (bronchial stump positive),  Tracheal stenosis after 6 months, no metastasis after
radiotherapy 1.5 years
[21] Radiotherapy Recurrence a year later

F, female; M, male; Y, yes; N, no; y, year(s); mo, month(s); d, day(s); -, unknown.

carcinoma or pleomorphic adenoma. The focal sieve-like structure of pleomorphic adenoma
may resemble PACC, but distinguishing between the two can be done based on cell mor-
phology, structural pattern, interstitial composition, and immunohistochemistry. Pleomorphic
adenomas share a common histogenesis at the intercalated duct level and often exhibit a
combination of neoplastic basaloid cells [32]. Diagnosis of pleomorphic adenomas was
unlikely as this benign tumor typically has a Ki-67 value of less than 5%. Optimal PACC
treatment involves radical surgery, emphasizing complete resection with adequate margins.
Adjuvant radiotherapy is recommended for cases with positive surgical margins, potentially
extending overall survival [33]. Nonsurgical patients benefit from palliative measures like
tracheal therapy, radiotherapy, or combination therapy to enhance clinical symptoms. Typ-
ically, a tumor invading over 50% of tracheal length (>6 cm) or exceeding one-third of the total
length in children poses challenges for tracheal reconstruction, constituting a surgical

contraindication [34].

Shafiee et al. [9] documented a case involving a 27-year-old pregnant woman initially
diagnosed with bronchial asthma 3 years prior. Although initially presumed as an
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exacerbation of asthma, treatment with bronchodilators, steroids, and intravenous antibiotics
failed to alleviate symptoms. Subsequent diagnostic video-bronchoscopy led to the identi-
fication of PACC. In addition to respiratory symptoms, PACC also has neurological symptoms
such as dizziness and digestive system symptoms such as anorexia. Thouil et al. [11] reported
a PACC case presenting with dyspnea, dry cough, anorexia, and weight loss as primary
symptoms in an elderly patient with a sizable tumor. Unfortunately, the patient declined
treatment and subsequently lost contact. Additionally, Nagi et al. [16] reported a patient
diagnosed with PACC, presenting primarily with dizziness. The patient’s treatment has
progressed to an advanced stage, accompanied by distant metastasis and a sizable tumor.
Despite the removal/laser treatment of a 3.5-cm tumor, airway obstruction persists. As
highlighted earlier, PACC patients may present not only with respiratory symptoms but also
with dizziness and poor appetite, despite no notable abnormalities in the central nervous and
digestive systems. We hypothesize that severe airway obstruction from the tumor induces
hypoxia and discomfort, while gradual tracheal enlargement compresses the digestive tract,
causing appetite decline. This speculation underscores the importance of chest examinations
alongside routine central nervous system assessments for patients primarily manifesting
dizziness to prevent potential misdiagnoses. In cases of PACC with distant metastasis [7, 16,
18], palliative treatment is the sole option, contributing to a grim prognosis. One patient [18],
subsequently developing severe pneumonia, succumbed to respiratory failure. As per reports
[24, 34, 35], patients undergoing solely surgical resection exhibit a 5-year survival rate of
88-100% and a 10-year survival rate of 51-80%. Despite the potential for local recurrence
and systemic metastasis post-surgery, lifelong follow-up is essential. Lymph node metastasis
and presence of solid structure in the tumor lack a significant correlation with patient
survival, whereas peripheral nerve infiltration notably impacts long-term survival rates.
Prognostic factors in PACC encompass tumor stage, location, positive surgical margin, and
treatment modality [33]. Although these treatments have a better local effect, the risk of long-
term effects is higher. At present, there are no established criteria for radiotherapy and
chemotherapy, and the use of targeted therapy and immunotherapy for PACC remains
controversial and under research. Immunotherapy, a novel cancer treatment, boosts the
patient’s immune function against cancer cells. Studies [36] indicate a positive correlation
between immunotherapy and the complete response rate in cancer treatment. However,
challenges persist, such as immune checkpoint inhibitors causing specific treatment-related
toxicity, termed immune-related adverse events, stemming from the immune system mis-
takenly targeting its own antigens [37, 38]. Furthermore, doubts have arisen about the ef-
fectiveness of PD-1/PD-L1 expression as a predictive indicator for first-line immunotherapy
in advanced NSCLC [39-41]. Recent studies [6] showed promising results for targeted therapy
in patients with PACC, such as the use of pyrotinib for patients with ERBB2 amplification,
which resulted in a significant reduction in the growth of liver metastases and stable con-
dition. Other targeted therapies, such as icotinib for patients with EGFR exon 19p.E746-A750
del [42] and erlotinib for patients with EGFR exon 21 ¢.2593G>A [43], also demonstrated
beneficial outcomes. So, due to the low incidence of PACC and limited clinical studies, case
reports are valuable in providing insights into the disease.

The increasing incidence of bronchial asthma, particularly in patients diagnosed with
cough variant asthma, prompts clinicians to consider bronchial tumors when regular
medication fails to control symptoms effectively. Some PACC-diagnosed patients, previously
identified with bronchial asthma, experienced unsatisfactory treatment outcomes, with
confirmation of PACC taking several years. Despite numerous clinical case reports of PACC, we
observe a relative scarcity of patients misdiagnosed as acute bronchial asthma attacks,
particularly those with a positive BDT, which is more prone to misleading clinicians into
considering asthma. Furthermore, we hypothesize that tumors in the trachea induce mucosal
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congestion, airway inflammation, and increased airway sensitivity. It is worth considering
whether PACC patients present with concomitant bronchial asthma. The scarcity of PACC
clinical research underscores the importance of case reports to contribute medical data for
future investigations.

Conclusion

This report presents the diagnosis and treatment of a 41-year-old female patient with
PACC, highlighting the significance of recognizing foreign bodies and tumors in patients ex-
hibiting asthma-like symptoms. Following PACC resection and carina reconstruction operation,
the possibility of metastasis exists even after several years, thus necessitating lifelong follow-up.
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