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Introduction: Tracheal adenoid cystic carcinoma (ACC) is a rare malignancy with
a slow but relentless course. Surgical resection is the standard treatment, but in
cases where surgery is not feasible, definitive radiotherapy serves as an
alternative approach.

Case description: We report the case of a 55-year-old female patient diagnosed
with unresectable ACC of the left main bronchus near the carina. Due to the high
surgical risk of pneumonectomy with carinal reconstruction, the patient was
treated with definitive intensity-modulated radiation therapy (IMRT) using a
simultaneous integrated boost technique. A total dose of 69 Gy in 30 fractions
was delivered. The patient tolerated the treatment well without significant acute
or late complications. Follow-up imaging demonstrated a durable local
response, with near-complete remission of the primary tumor. Ten years post-
treatment, the patient remains free of local recurrence, with slow-progressing
pulmonary metastases under surveillance.

Conclusion: This case highlights the potential of definitive IMRT using a
hypofractionated dose scheme in achieving long-term local control for
unresectable tracheal ACC.
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1 Introduction

Adenoid cystic carcinoma (ACC) is a rare malignant neoplasm
that primarily arises in the head and neck region, accounting for
approximately 1% of all malignancies in this area and 10% of all
salivary gland tumors (1-3). ACC is characterized by indolent but
persistent growth; however, despite an initial 5-year overall survival
(OS) rate of 68% to 90%, long-term prognosis remains relatively
poor, with 10-year and 15-year OS rates declining to 52% and 28%,
respectively (1, 2). This poor long-term outcome is largely
attributed to the tumor’s propensity for perineural invasion, local
recurrence, and distant metastasis, which may occur as late as 25
years after diagnosis (1, 2, 4).

Although ACC typically originates in the salivary glands, it can
also arise in the trachea and bronchi, where it develops from
submucosal glands of the tracheobronchial mucosa (3, 5).
Tracheal ACC, first described by Morgagni in 1762, presents a
particular challenge due to its slow but relentless progression and
anatomically complex location (6). To date, literature on tracheal
ACC remains scarce. However, as with ACC in other locations,
surgical resection, often followed by adjuvant radiotherapy (RT), is
considered the primary treatment option (2, 3, 7). Recent data
indicate that complete surgical resection can achieve 5-year overall
survival rates of approximately 70% to 90% (8-10). The feasibility of
surgery, however, is highly dependent on tumor size, location, and
the patient’s pulmonary function, and radical resection is often
unfeasible when critical structures such as the main bronchus or
carina are involved.

In such cases, definitive RT serves as an essential alternative.
However, the role of definitive RT is still unclear. It is usually offered
for patients with incomplete resection or inoperable disease, with
reported local control rates ranging widely from 20% to 70%
depending on the technique and dose used (6, 11-15). Given the
intrinsic radioresistance of ACC, achieving effective tumor control
requires high-dose RT. Recent advances in modern RT techniques,
including intensity-modulated radiation therapy (IMRT) and
particle therapy, have significantly improved dose delivery
precision while minimizing exposure to normal tissues. However,

studies on definitive RT for tracheal ACC remain limited, primarily
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consisting of small retrospective series and case reports, which often
use conventional RT techniques with suboptimal RT doses (6, 13-
15). Here, we report a rare case of unresectable ACC of the main
bronchus adjacent to the carina, successfully treated with IMRT as
definitive therapy and achieving durable local disease control
during the follow-up period of 10 years. To the best of our
knowledge, this represents one of the longest reported follow-up
durations for definitive IMRT in this setting. This case supports the
potential of modern RT as an effective curative approach for
tracheal ACC, contributing to the growing evidence supporting
definitive RT in this rare malignancy.

2 Case description

In June 2015, a 55-year-old female patient presented with a
persistent cough that had developed in January following a diagnosis
of influenza. She had no history of smoking and had no other medical
history except for hypertension. Physical examination revealed a
patient with good performance status. Head and neck examination
showed no palpable cervical lymphadenopathy or masses in the
salivary glands. On chest auscultation, breath sounds were
significantly diminished over the left lung field, consistent with
airway obstruction, whereas the right lung field was clear. There was
no evidence of digital clubbing or peripheral edema. Routine laboratory
tests, including blood and urine analyses, were unremarkable.

Given the persistent nature of her symptoms, a comprehensive
pulmonary evaluation was performed under the initial impression
of chronic bronchitis. Initial chest x-ray revealed newly appearing,
numerous tiny nodules in the bilateral middle lung fields. A
subsequent chest computed tomography (CT) scan demonstrated
multifocal centrilobular nodules, peribronchial consolidation, and
bronchiectasis in both upper lobes and the right middle lobe.
Additionally, a 3.5-cm enhancing mass was identified in the left
main bronchus, causing impending luminal obstruction (Figure 1).
The mass was found to be abutting the thoracic aorta and
extending toward the esophagus, causing external compression.
Esophagogastroduodenoscopy was performed to evaluate possible
esophageal invasion, but the esophageal mucosa was intact with no

FIGURE 1

Pre-treatment chest computed tomography (CT) scan. CT scan revealed a 3.5-cm enhancing mass in the left main bronchus, causing significant
luminal narrowing and impending obstruction. The mass was also abutting the thoracic aorta, raising suspicion of a possible malignancy
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evidence of intrinsic invasion or fistula formation, despite the
external compression noted on imaging. Further staging with
positron emission tomography-computed tomography (PET-CT)
confirmed only mild uptake of 18F-fluorodeoxyglucose (FDG) in
the bronchial mass but showed no evidence of distant metastasis
(Supplementary Figure 2A). A fiberoptic bronchoscopy with
Narrow Band Imaging (NBI) revealed an endobronchial mass
located 0.8 cm distal to the carina within the left main bronchus.
Notably, NBI visualization identified extensive submucosal vascular
engorgement involving the main carina, extending approximately
2.5 cm proximally toward the trachea and 2 cm into the right main
bronchus. This finding suggested submucosal tumor spread beyond
the visible gross tumor (Figure 2). Bronchial washing cytology was
positive for malignancy, and histopathological examination of a
bronchoscopic biopsy confirmed the diagnosis of ACC, showing a
predominant cribriform growth pattern (Figure 3).

3 Diagnostic assessment

The tumor was staged as T3NOMO, according to the American
Joint Committee on Cancer staging system. The lung perfusion scan
showed pulmonary blood flow of 16.4% in the left lung and 83.6% in
the right lung, suggesting reduced left lung perfusion due to
narrowing of the left main bronchus (Supplementary Figure 1).
Therefore, prompt treatment was required for the endobronchial
mass causing the left bronchus narrowing.

Following diagnosis, a multidisciplinary discussion was
conducted involving thoracic surgeons, radiation oncologists,
medical oncologists, and radiologists to determine the optimal
treatment strategy. Surgical resection was initially considered as

FIGURE 2

Pre-treatment fiberoptic bronchoscopy findings. Bronchoscopy
revealed an endobronchial mass located 0.8 cm distal to the carina
within the left main bronchus, exhibiting erythematous changes and
vascular engorgement on the surface.
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the primary treatment option. However, the extensive submucosal
spread involving the carina and right main bronchus ruled out
lung-preserving techniques such as sleeve lobectomy. Radical
resection would have necessitated a left pneumonectomy with
carinal reconstruction under cardiopulmonary bypass. However,
the patient’s pulmonary function was critically compromised, with
a forced expiratory volume in 1 second (FEV1) of 0.94 L (51%).
Based on the lung perfusion scan results, the predicted post-
pneumonectomy FEV1 was calculated to be only 786 mL. Given
the prohibitively high risk of postoperative ventilatory failure and
operative mortality, and after a thorough discussion with the patient
regarding these risks, the medical team and the patient jointly
decided to proceed with definitive RT using IMRT.

Definitive RT was planned using Volumetric Modulated Arc
Therapy (VMAT) with 6 MV photons on the RayStation treatment
planning system (RaySearch Laboratories, Stockholm, Sweden).
The target volumes were delineated based on the gross tumor
volume without elective nodal irradiation. Stepwise margins of
approximately 3-5 mm were added to the gross tumor volume to
define four planning target volumes (PTV1-4) (Figure 4). A
simultaneous integrated boost (SIB) technique was employed,
delivering 2.3 Gy (Total 69 Gy), 2.15 Gy (64.5 Gy), 1.8 Gy (54
Gy), and 1.65 Gy (49.5 Gy) per fraction to the respective PTVs. The
total prescribed dose was 69 Gy in 30 fractions, equivalent to 70.7
Gy in equivalent dose in 2-Gy fractions (0/f = 10), administered
five times per week from August 2015 to October 2015. Dose
constraints were strictly met to minimize exposure to organs at risk.
The mean lung dose was 7.84 Gy with a V20 of 7.53%, and the
spinal cord D0.03cc was 22.22 Gy. For the esophagus, D0.03cc was
71.35 Gy with a V50Gy of 14.88%, which was considered acceptable
given the tumor’s proximity. Treatment adherence was excellent;
the patient completed the prescribed radiotherapy course without
interruption. She tolerated the treatment well, with no acute
toxicities exceeding Common Terminology Criteria for Adverse
Events Grade 2.

A PET-CT scan performed 2 months after IMRT demonstrated
a markedly decreased FDG uptake in the left main bronchial mass,
indicating a favorable treatment response (Supplementary
Figure 2B). At 5 months post-treatment, chest CT showed a
significant reduction in tumor size, with only a residual 1.2-cm
soft tissue infiltration, consistent with a partial response
(Supplementary Figures 2C, D). Subsequent routine follow-up
chest CT scans were performed every 3 to 6 months. The reduced
bronchial mass remained stable, and notably, no severe late adverse
events commonly associated with RT, such as tracheal stenosis,
tracheoesophageal fistula, or hemoptysis, were observed. At 3 years
and 6 months post-treatment (April 2019), chest CT and PET-CT
detected multiple lung nodules in both lungs, suspected to be lung
metastases. Given the slow progression and small tumor burden, the
oncologist opted for close observation rather than immediate
intervention. By March 2025—almost 10 years post-treatment—
the patient remained under regular follow-up. Clinician-assessed
outcomes indicate a preserved ECOG performance status of 0.
There has been minimal progression of lung lesions, and the patient
reports no respiratory symptoms. The primary tracheal lesion has
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FIGURE 3

Hematoxylin and eosin stain, x100.

Histopathological finding of left main bronchial biopsy showed infiltration of adenoid cystic carcinoma. Cribriform growth pattern is predominant.

remained in a near-complete response state, with no evidence of
tumor regrowth, tracheal stenosis, or respiratory symptoms.
Patient Perspective Reflecting on the past 10 years, the patient
expressed high satisfaction with the treatment outcome. She noted
that the RT course was manageable, and she has since maintained a
normal daily life without any respiratory symptoms, such as
dyspnea or cough. She feels that avoiding high-risk surgery was
the right choice for preserving her quality of life and continues to
adhere to her surveillance schedule with a positive outlook.

4 Discussion

Tracheal ACC is the second most common primary tumor of
the trachea, accounting for 10-20% of cases, second to squamous
cell carcinoma (SCC). It typically occurs in middle-aged adults, with
no clear sex predilection, and unlike SCC, smoking is not a known
risk factor. The tumor most commonly arises in the lower trachea
but can also occur in the mainstem or lobar bronchi, with rare cases
in the segmental bronchi or extrathoracic trachea. Histologically, it
is identical to ACC of the salivary glands, originating from the
submucosal glands of the tracheobronchial tree. ACC often presents
as a polypoid lesion but may also extend longitudinally or
circumferentially along the airway. Despite being a low-grade
tumor, it has a strong propensity for local recurrence and late
metastasis, spreading via direct extension, submucosal or perineural
invasion. Lymphatic spread is rare (<20%), whereas hematogenous
metastases occur in over 50% of cases, most frequently affecting the
lungs, followed by the brain, bones, liver, kidneys, skin, abdomen,
and heart.

Surgical resection remains the standard treatment, offering the
best chance for long-term control, especially when complete
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excision with negative margins is achievable (9). However, many
cases pose significant surgical challenges due to tumor location near
critical structures such as the carina and the tumor’s tendency for
submucosal spread. Surgery may not be feasible in cases of extensive
tumor spread along the airway, invasion of adjacent critical
structures, or large tumor burden. This difficulty was exemplified
in the present case, where NBI confirmed extensive submucosal
invasion extending to the contralateral bronchus and trachea in a
patient with prohibitive pulmonary function (predicted post-
pneumonectomy FEV1 < 800 mL), thereby precluding curative
resection. Given these limitations, RT has emerged as a crucial
alternative for patients who are not surgical candidates.

Historically, RT has been used primarily as an adjuvant treatment
after incomplete surgical resection or for symptom relief (16).
According to long-term follow-up data from Shanghai Chest
Hospital (8), among 109 patients with tracheal ACC, positive
surgical margins were reported in approximately 84%, and the
majority received adjuvant RT. In more recently treated patients,
adjuvant RT has been more actively administered, with the 5-year
and 10-year OS rates of 90.8% and 61.2%, respectively.
Recommended doses range from 45-65 Gy, depending on
resection margins. Thus, adjuvant RT is strongly recommended for
patients with tracheal ACC, particularly for patients with
residual tumors.

Although data on definitive RT are limited, several studies have
suggested that this approach provides long-term disease control. A
Korean long-term follow up study (11) reported an overall response
rate of 77.8% for definitive RT, with the 5-year and 10-year local
progression-free survival rates of 66.7% and 26.7%, respectively. Two-
thirds of patients survived for more than 5 years, with tracheal
stenosis occurring in only one case without tumor recurrence.
Notably, patients receiving higher RT doses via brachytherapy
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FIGURE 4
Intensity-modulated radiation therapy plan with isodose line distributions. The red contour represents planning target volume (PTV) 1, the sky blue
contour represents PTV2, the green contour represents PTV3, and the blue contour represents PTV4. Using the simultaneous integrated boost (SIB)
technique, the PTVs received 2.3 Gy, 2.15 Gy, 1.8 Gy, and 1.65 Gy per fraction, respectively. The total prescribed dose to the primary tumor was 69
Gy in 30 fractions, ensuring optimal dose delivery while sparing adjacent critical structures.

boost had better outcomes, with no local progression at 5 years.
Several studies have reported the feasibility of lower doses of external
radiation therapy followed by endotracheal brachytherapy boost (17,
18). These findings support definitive RT as a viable option and
suggest safe dose escalation should be considered.

Modern radiation techniques, such as IMRT and particle therapy,
including proton and carbon-ion radiotherapy, have the potential to
improve treatment outcomes. However, due to the rarity of tracheal
ACC and the need for long-term follow-up to evaluate late toxicities,
clinical data remain limited. IMRT enables precise dose delivery while
sparing adjacent organs, making it particularly useful for tumors near
critical structures like the lungs, esophagus, and heart. A recent study
comparing conventional treatment with IMRT in postoperative
patients with tracheal ACC with positive surgical margins has
reported significantly improved OS and local progression-free
survival, with the 5-year rates of 88.9% and 64.3%, respectively
(19). Additionally, a recent case report has described definitive RT
using IMRT followed by a proton boost (20). Regarding carbon-ion
radiotherapy, while it has not been reported specifically for tracheal
ACC, studies have demonstrated its efficacy in head and neck ACC
(21-24). Theoretically, particle therapy offers superior dose
conformity due to the Bragg peak effect, effectively reducing the
“low-dose bath” to surrounding normal tissues. However, its
application to tracheal ACC requires caution. Unlike head and
neck cases, applying high-LET radiation to centrally located tumors
abutting critical serial organs like the esophagus and trachea poses
significant risks. Range uncertainties could lead to severe late
toxicities, such as tracheoesophageal fistula or perforation.
Therefore, particle therapy might not be suitable for cases with
extensive invasion into luminal structures until more robust safety
data are available. In this context, high-precision IMRT currently
remains a reliable and safe curative modality.

Although this study is limited by being a single case report rather
than a comparative series regarding surgical versus non-surgical
approaches, a distinguishing feature is the almost 10-year follow-up
duration. To the best of our knowledge, this is among the longest
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follow-up periods reported for definitive IMRT in tracheal ACC. Given
the scarcity of data on definitive radiotherapy for this rare entity, this
long-term outcome provides valuable insights into the durability and
safety of high-dose IMRT as a curative modality. Specifically, this
patient received hypofractionated IMRT, delivering 69 Gy in 30
fractions via a SIB technique. This approach ensured effective tumor
control while minimizing toxicity. The patient tolerated the treatment
well, with no significant acute or late complications, such as tracheal
stenosis or radiation-induced fibrosis. Additionally, the successful use of
dose escalation through hypofractionation supports its feasibility as an
alternative to conventional fractionation. Future studies should refine
the balance between hypofractionation and normal tissue tolerance.

While this case highlights the efficacy of high-dose IMRT in
achieving durable local control, distant metastasis remains a concern.
Despite excellent control of the primary lesion, pulmonary metastases
were detected 3.5 years post-RT. This aligns with existing literature
indicating the lungs are the most common site of metastases, occurring
in over 50% of cases. In this case, metastases exhibited slow
progression, and observation rather than immediate systemic therapy
was chosen. Nevertheless, given the limited efficacy of current systemic
treatments, further research is needed to explore effective therapeutic
strategies (25). In addition to cytotoxic chemotherapy, advances in
targeted therapy and immunotherapy may play a role in future
treatment paradigms, particularly for patients with controlled
primary tumors but persistent systemic disease.

In conclusion, this case underscores the potential of IMRT as a
definitive treatment for unresectable tracheal ACC, demonstrating
long-term local control with minimal toxicity. The use of a
hypofractionated high-dose regimen contributed to the sustained
response, supporting the feasibility of dose escalation strategies in
ACC treatment. However, we acknowledge the limitations of this
study, including its design as a single case report, the lack of
molecular, and the absence of detailed pathology images beyond
the primary cribriform pattern. While surgery remains the
preferred approach when feasible, definitive RT provides an
effective alternative, particularly for patients with inoperable
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disease. Further research involving multi-institutional data is
warranted to optimize RT protocols, explore systemic therapy
options, and establish long-term follow-up strategies to improve
outcomes for patients with this rare malignancy.
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