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Background: Adenoid cystic carcinoma (ACC) of the lung (ACCL) is a rare malignancy and includes
primary ACCL (PACCL) and secondary ACCL (SACCL) metastasized from the ACC of the head and neck.
Fluorine-18-fluorodeoxyglucose positron emission tomography/computed tomography (““F-FDG PET/CT)
has been shown to be useful in the differential diagnosis between primary and metastatic lung lesions. This
study retrospectively investigated the role of “F-FDG PET/CT in combination with clinicopathological
findings in the management of patients with primary or secondary ACCL.

Methods: Clinicopathological characteristics and "*F-FDG PET/CT metabolic parameters of 29
patients with PACCL and 11 patients with SACCL with pathological confirmation as gold standard were
retrospectively collected. The association between PET/CT metabolic parameters and clinicopathological
features was explored. Receiver operating characteristic (ROC) curve analysis was used to determine the
optimal maximum standard uptake value (SUV,,,) cut-off value to distinguish PACCL from SACCL. The
prognostic value of PET/CT metabolic parameters and clinicopathological features was evaluated by Cox
regression analysis.

Results: SACCL patients more often presented with multiple ACC lesions in the peripheral lung (81.8%
vs. 17.2%, P<0.05) and tended to be asymptomatic compared to patients with PACCL (72.7% versus 27.6%,
P<0.05). The SUV,,,,, was significantly higher in PACCL patients compared to SACCL patients (median 4.4
vs. 2.8, P<0.05). Furthermore, at a cut-off value of 3.2 for SUV,,,,, the sensitivity and specificity of "F-FDG
PET/CT in distinguishing PACCL from SACCL were 82.8% and 72.7%, respectively. Higher SUV,,, of
ACCL was observed in patients with clinical symptoms, fewer ACC lesions, or larger tumor size (P<0.05).
The median PFS of ACCL patients was 71.1 months, and the 12- and 24-month PFS rates were 96.1% and

91.6%, respectively. Univariate Cox regression analysis showed that SACCL from metastasis, lesions located

max
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at the peripheral lung or multiple ACC lesions present in the lung, were associated with poorer PFS (P<0.05).

However, multivariate Cox regression analysis showed that none of the variables examined were independent

predictors of prognosis.

Conclusions: The use of "F-FDG PET/CT in combination with assessment of clinicopathological

features was helpful in distinguishing PACCL from SACCL, which could provide guidance for clinical

decision making.

Keywords: Adenoid cystic carcinoma of the lung (ACCL); FDG; positron emission tomography/computed

tomography (PET/CT); progression-free survival (PFS)

Submitted May 17, 2022. Accepted for publication Jul 29, 2022.

doi: 10.21037/tler-22-509

View this article at: https://dx.doi.org/10.21037/tlcr-22-509

Introduction

Adenoid cystic carcinoma (ACC) is a rare malignancy
that most frequently originates from the salivary glands
of the head and neck (1). It is thought to be an indolent,
low-grade tumor, characterized by a slow clinical course,
frequent local recurrences, high propensity for perineural
invasion, and late distant metastases (1-3). Lung is the most
common site of distant metastasis of ACC derived from
the head and neck, followed by bone, liver, and brain (4,5).
In even rarer cases, ACC may arise from the submucosal
tracheobronchial glands in the pulmonary system, and this
accounts for a mere 0.04-0.2% of all primary lung tumors
(6-8). It is difficult to distinguish between primary ACC of
the lung (PACCL) and metastatic ACC of the lung (ACCL),
as both conditions manifest atypical respiratory obstructive
symptoms, including cough, chest pain, and dyspnea
(2,9,10). Currently, morphology differences are the only
distinguishing feature between PACCL and secondary ACC
of the lung (SACCL).

Due to its rarity, primary or secondary ACCL has
only been reported in sporadic cases or small clinical
series (9,11,12). The clinical characteristics and imaging
features of these two tumors of different origins, as well
as the biological differences between them, remain poorly
defined. Fluorine-18-fluorodeoxyglucose positron emission
tomography/computed tomography (*F-FDG PET/CT)
has been established as an effective imaging modality,
providing both morphological and metabolic information
on tumors, which is very useful in distinguishing
between malignancies and benign diseases and assessing
tumor staging and prognosis (13). For example, glucose
metabolism, assessed by ""F-FDG PET/CT, has been
reported to be associated with the prognosis of ACC of
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the head and neck (14,15). Furthermore, previous study
has shown that ""F-FDG PET/CT was useful in the
differential diagnosis between primary and metastatic
lung lesions (16). Discrimination between primary
and secondary lung cancer is critical to guide patient
management, such as the choice of surgical approach and
adjuvant therapy. However, few studies have been reported
on the role of "F-FDG PET/CT in ACCL, separately in
PACCL and SACCL (17-19).

Therefore, this current study retrospectively analyzed
and compared the clinicopathological characteristics,
“F-FDG PET/CT findings, and outcomes of PACCL and
SACCL. In addition, the association between *F-FDG
PET/CT metabolic parameters and clinicopathological
characteristics in patients with ACCL was explored.
Treatment outcomes and progression-free survival (PES)
of these patients were also evaluated and analyzed. We
present the following article in accordance with the STARD
reporting checklist (available at https://tlcr.amegroups.com/
article/view/10.21037/tler-22-509/rc).

Methods
Patients

A total of 40 consecutive patients with pathologically
confirmed ACCL who underwent "F-FDG PET/
CT examination in the Guangdong Provincial People’s
Hospital or the Shanghai Pulmonary Hospital from July
2008 to May 2021 were retrospectively included in this
study. The following inclusion criteria were applied: (I)
patients underwent tumor resection or puncture biopsy
for pathological type confirmation within 2 weeks after the

"F-FDG PET/CT scan; (I) patients could have a history
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of ACC with confirmed pathological records; and (III)
patients had no history of a second pathological type of
tumors or other coexisting malignant tumors. The clinical
data, including clinical symptoms, laboratory test results,
"F-FDG PET/CT metabolic parameters, and therapeutic
strategies of these 40 patients were collected and analyzed.
A total of 22 patients underwent surgical tumor resection
and their postoperative histopathological results were also
examined, including neural invasion, lymphatic metastasis,
and extraparenchymal extension. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). This study was approved by the Ethics Committee
of the Guangdong Provincial People’s Hospital (No. KY-
7-2022-267-01) and the Ethics Committee of the Shanghai
Pulmonary Hospital (No. K21-143Y). Written informed
consent was waived due to the retrospective nature of this
investigation.

BF_-FDG PET/CT scan

PET/CT examinations were performed using a Biograph
16 HR (Siemens Healthineers, Erlangen, Germany) or
a Biograph 64 system (Siemens Healthineers, Erlangen,
Germany). All patients were required to fast and avoid
strenuous exercise at least 6 hours before "F-FDG
injection, and the level of fasting blood glucose was no more
than 11.0 mmol/L. Six or seven-bed positions were imaged
from the base of the skull to the mid-thigh at approximately
60+5 minutes after intravenous injection of 3.7-7.4 MBq of
PF-FDG per kilogram of body weight. PET images were
acquired for 2-3 minutes per bed position. The ordered-
subset expectation maximization algorithm was used for
all image reconstructions, incorporating a CT-based
transmission map.

PET/CT imaging analysis

PET metabolic parameters were analyzed through syngo
station (Siemens Healthineers, Erlangen, Germany). The
volume of interest (VOI) was manually drawn on the lesion,
or the largest lesion if more than one lesion was detected in
the lung. The maximum value of a VOI was defined as the
maximum standard uptake value (SUV,,,,). The metabolic
tumor volume (M'TV) of the lesion was computed with 40%
of SUV,,,, as the threshold, and the total lesion glycolysis
(TLG) of the lesion was calculated according to the
following formula: TLG = SUV,,, x MTV. The SUV,,
ratios of tumor-to-mediastinal blood pool and tumor-to-
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liver were calculated. PET/CT results were independently
analyzed and interpreted by two experienced nuclear
medicine physicians who were blinded to the clinical and
pathological information of all patients.

Pathology

All 40 patients in this study underwent complete tumor
resection or puncture biopsy for pathological type
confirmation within 2 weeks after the *F-FDG PET/
CT scan. The specimens were carefully examined,
and the section with sufficient malignant cells was
subjected to histopathological confirmation. Routine
immunohistochemical staining of CD117, P63, S-100,
thyroid transcription factor 1 (T'TF-1), Ki-67, smooth
muscle actin (SMA), glial fibrillary acidic protein (GFAP),
calponin, and creatine kinase (CK) was performed for
confirmation of ACC (20,21). The histopathological results
were reviewed by two experienced pathologists.

Follow-up

Of all enrolled patients, 30 patients underwent post-
treatment follow-up, while 10 patients were lost to follow-
up. The median duration of follow-up was 25.5 months
with a range of 7.7-104.7 months. PFS was defined as the
time interval from the pre-treatment PET/CT scan to
the date of detecting post-treatment tumor progression
or death from any cause. Follow-up was performed using
patient medical records and telephone consultation.

Statistical analysis

Data analysis was performed with the Statistical Package
for Social Sciences (SPSS) Version 26.0 program (IBM
Corporation, Armonk, NY, USA). Continuous variables are
presented as median (range), and categorical variables are
reported as frequency. Student’s #-tests or Mann-Whitney
U tests were used to analyze the differences for continuous
variables among different groups. Pearson’s Chi-square
tests ()’ test) or Fisher’s exact tests were used to compare
the differences for categorical variables. Spearman’s
correlation coefficients were used for correlation analyses.
Receiver operating characteristic (ROC) curve analysis
was performed to determine the optimal SUV . cut-off
value for distinguishing PACCL from SACCL. In this
study, An AUC >0.8 with >70% sensitivity and specificity
is considered the threshold for a good diagnostic test.
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Kaplan-Meier survival analyses and log-rank tests were
performed to predict PFS and compare difference in PFS
of the two groups. The prognostic value of PET/CT
metabolic parameters and clinicopathological features was
evaluated by univariate Cox regression analysis, and the
significant variables (P<0.05) in univariate analysis were
further included in multivariate Cox regression analysis. All
statistical tests were two-sided, and P<0.05 was considered
statistically significant.

Results
Patient characteristics

A total of 40 patients with ACCL were enrolled in this study,
including 29 patients with PACCL and 11 patients with
SACCL that had metastasized from the ACC of the head
and neck (sinonasal cavity/nasopharynx, 4 patients; parotid
gland, 2 patients; lacrimal gland, 2 patients; maxillary
sinus, 2 patients; and oral cavity, 1 patient). The clinical
characteristics of the two groups are shown in Table 1.
Patients with PACCL tended to have a higher prevalence
of cough as a clinical symptom (37.9% wvs. 0.0%), tumor
location at the trachea and/or main bronchus (82.8% uvs.
18.2%), and less than 3 tumors (93.1% vs. 36.4%) compared
with SACCL patients (P<0.05). Meanwhile, the prevalence
of subclinical manifestation tended to be higher in patients
with SACCL compared to patients with PACCL (27.6%
vs. 72.7%). No significant differences in age, gender, other
clinical symptoms, tumor size (maximum diameter), and
serum tumor markers were found between the two groups

(P>0.05).

PET/CT

During PET/CT imaging, "F-FDG uptake was shown in
all 40 ACCL cases (the largest lesion was assessed if more
than one lesion was detected), with a median SUV,,,,, MTV,
and TLG of 4.0 (range, 1.0-11.0), 6.3 (range, 0.8-144.3),
and 18.9 (range, 1.0-397.8), respectively. The SUV
of PACCL was significantly higher than that of SACCL
(P<0.05, Table 1, Figure I). Furthermore, at ROC analysis,
the optimal SUV,, cut-off value for distinguishing PACCL
from SACCL was equal to 3.2 with an area under the curve
of 0.810 [95% confidence interval (CI): 0.668 to 0.953],
sensitivity and specificity of 82.8% and 72.7%, respectively
(Figure 2). The SUV,,,, ratios of tumor-to-mediastinal

© Translational Lung Cancer Research. All rights reserved.

Sun et al. "*F-FDG PET/CT in adenoid cystic carcinoma of the lung

blood pool and tumor-to-liver were also significantly higher
in PACCL compared to those of SACCL (P<0.05). Neither
significant differences in MTV, TLG, SUV,,, of the
mediastinal blood pool, nor SUV,,, of the liver were found
between the two groups (P>0.05).

Treatment and surgical pathology

As shown in Table 1, 22 out of the 40 patients underwent
surgery for tumor resection, including 9 patients who
accepted additional adjuvant therapy. Non-surgical
treatment was administered in 14 patients, including
chemotherapy, radiotherapy, immunotherapy, and targeted
therapy. Four patients did not undergo any treatment.
Among the 22 patients undergoing surgical treatment, post-
surgical pathology revealed perineural invasion in 6 cases,
pleural invasion in 2 cases, lymphatic invasion in 3 cases,
and extraparenchymal extension in 6 cases.

PET/CT parameters association with clinical characteristics

For all 40 patients enrolled, the median SUV_,, of ACC
in patients with and without clinical symptoms was 4.8
(range, 1.7-11.0) and 2.8 (range, 1.0-6.8), respectively, and
a significant difference was found between these two groups
(P=0.001, Figure 34). In addition, the SUV,,,, in patients
with <3 tumors (median, 4.2 tumors; range, 1.6-11.0) was
significantly higher than that in patients with >3 tumors
(median, 3.0 tumors; range, 1.0-10.3) (P=0.040, Figure 3B).
Moreover, there was a significant correlation between
SUV,.., and tumor size (r=0.481, P=0.002, Figure 3C). No
significant correlation was observed between SUV ,, and
other clinicopathological factors, including age, gender,
tumor location, serum tumor markers, and post-surgical
pathology (P>0.05).

In the PACCL group, the SUV,,,, of lesions in patients
with clinical symptoms (median, 5.4; range, 2.6-11.0) was
also significantly higher than that in subclinical patients
(median, 3.1; range, 1.6-6.8) (P=0.016, Figure 4A4).
The SUV,,,, was significantly associated with tumor
size in PACCL patients (r=0.534, P=0.003, Figure 4B).
Furthermore, both the MTV (r=0.853, P<0.001, Figure 4C)
and TLG (r=0.843, P<0.001, Figure 4D) were significantly
correlated with the tumor size of the PACCL. Neither
significant differences between PET/CT metabolic
parameters nor other clinicopathological features in

PACCL were noted (P>0.05).
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Table 1 Clinicopathological and PET/CT characteristics of patients with ACCL

Characteristics All PACCL SACCL P value

Age (years), median [range] 49 [21-80] 50 [21-64] 46 [30-80] 0.591
<49, n (%) 20 (50.0) 13 (44.8) 7 (63.6) 0.480
>49, n (%) 20 (50.0) 16 (55.2) 4 (36.4)

Gender, n (%)

Male 18 (45.0) 14 (48.3) 4 (36.4) 0.723
Female 22 (55.0) 15 (51.7) 7 (63.6)

Clinical symptoms
Duration (months), median (range) 6.0 (0.3-24.0) 6.0 (0.3-24.0) 6.0 (1.0-6.0) NA
Cough, n (%) 11 (27.5) 11(37.9) 0(0.0) 0.009*
Dyspnea, n (%) 7(17.5) 7 (5.5) 0 (0.0 0.159
Chest pain, n (%) 5(12.5) 2(6.9) 3(27.9) 0.117
Chest congestion, n (%) 5(12.5) 4(13.8) 19.1) 1.000
Blood-streaked sputum, n (%) 4 (10.0) 4 (13.8) 0(0.0) 0.293
Hoarse voice, n (%) 1(2.5) 1(3.4) 0 (0.0) 1.000
Subclinical, n (%) 16 (40.0) 8 (27.6) 8 (72.7) 0.014*

Location, n (%)

Trachea, main bronchus 26 (65.0) 24 (82.8) 2(18.2) <0.001*
Trachea only 18 (18.0) 16 (565.2) 2(18.2)
Main bronchus only 7(17.5) 7(24.1) 0 (0.0)
Trachea and main bronchus 1(2.5) 1(3.4) 0(0.0)
Lung, pleura 14 (35.0) 5(17.2) 9(81.8)
Lung only 10 (25.0) 4(13.8) 6 (54.5)
Pleura only 1(2.5) 0 (0.0 19.1)
Lung and pleura 3(7.5) 1(3.4) 2(18.2)

Tumor number in lung, n (%)
<3 31 (77.5) 27 (93.1) 4 (36.4) 0.001*
1 29 (72.5) 26 (89.7) 3(27.3)

2 2 (5.0) 1(3.4) 19.1)
>3 9 (22.5) 2(6.9) 7 (63.6)

Tumor size (mm), median [range] 24 [9-91] 24 [11-53] 23 [9-91] 0.835
<24, n (%) 20 (50.0) 14 (48.3) 6 (54.5) 1.000
>24, n (%) 20 (50.0) 15 (51.7) 5 (45.5)

Serum tumor marker, n (%)

CEA 1t 1(2.5) 0(0.0) 1(9.1) 0.275
NSE t 1(2.5) 0 (0.0 1(9.1) 0.275
CA199 1 1(2.5) 1(3.4) 0(0.0) 1.000

Table 1 (continued)
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Characteristics All PACCL SACCL P value
PET/CT parameters, median (range)
SUV,., of tumor 4.0 (1.0-11.0) 4.4 (1.6-11.0) 2.8 (1.0-5.3) 0.002*
MTV of tumor 6.3 (0.8-144.3) 8.6 (0.8-74.2) 3.6 (1.6-2,144.3) 0.676
TLG of tumor 18.9 (1.0-397.8) 24.2 (1.0-363.7) 6.0 (1.4-397.8) 0.139
SUV,.., of mediastinal blood pool 2.0 (1.0-3.3) 1.3 (2.1-3.3) 1.0 (1.7-3.1) 0.145
SUV,.,, of liver 1.9 (3.1-4.1) 2.1 (3.1-4.1) 1.9 (3.1-4.0) 0.159
/M 2.0(0.7-5.1) 2.5(0.8-5.1) 1.6 (0.7-2.4) 0.008*
T/L 1.5 (0.4-3.0) 1.6 (0.6-3.0) 0.9 (0.4-1.7) 0.013*
Treatment, n (%)
Surgery alone 13 (32.5) 8 (27.6) 5 (45.5) NA
Surgery and adjuvant therapy” 9 (22.5) 9 (31.0) 0 (0.0) NA
Other therapy™ 14 (35.0) 10 (34.5) 4 (36.4) NA
Untreated 4 (10.0) 2(6.9) 2(18.2) NA
Surgical pathology, n (%)
Perineural invasion 6 (28.6) 5(31.3) 1(20.0) NA
Pleural invasion 2 (9.5) 0 (0.0 2 (40.0) NA
Lymphatic invasion 3(14.3) 3(18.8) 0 (0.0) NA
Extraparenchymal extension 6 (28.6) 6 (37.5) 0 (0.0) NA

*, statistically significant; #, adjuvant therapy, including chemotherapy, radiotherapy, and immunotherapy; ##, other therapy, including
chemotherapy, radiotherapy, immunotherapy, and targeted therapy. PET/CT, positron emission tomography/computed tomography;
ACCL, adenoid cystic carcinoma of the lung; PACCL, primary adenoid cystic carcinoma of the lung; SACCL, secondary adenoid cystic
carcinoma of the lung; CEA, carcinoembryonic antigen; NSE, neuron-specific enolase; CA199, carbohydrate antigen 199; T/M, the SUVmax
ratio of tumor-to-mediastinal blood pool; T/L, the SUVmax ratio of tumor-to-liver; NA, not applicable; SUVmax, maximum standard uptake

value; MTV, metabolic tumor volume; TLG, total lesion glycolysis.

Follow-up and prognosis

In patients with available data at follow-up (n=30), remission
was achieved in 23 patients, while disease progression was
observed in 7 patients, including 5 deaths. Specifically, there
were 2 cases of disease progression (lung metastasis) and 1
case of death in the PACCL group (n=23), and 4 deaths in
the SACCL group (n=7).

Univariate Cox regression analysis showed that tumor
origin (SACCL vs. PACCL), tumor location, and tumor
number were significantly associated with PFS (P<0.05,
Table 2). Multivariate Cox regression analysis adjusted for
these relevant factors showed that no variable had any
significant association with PFS (P>0.05, Tuble 2). The
median PFS was 71.1 months, and the 12- and 24-month

© Translational Lung Cancer Research. All rights reserved.

PFS rates were 96.1% and 91.6%, respectively (Figure 5A).

Moreover, Kaplan-Meier survival analysis demonstrated
that the PFS rate of patients with SACCL was significantly
lower than that of PACCL patients (P<0.05, Figure 5B),
and the PFS rate of patients with lesions located at the lung
and/or pleura was significantly lower than that of patients
with lesions located at the trachea and/or main bronchus
(P<0.05, Figure 5C). Furthermore, the PFS rate of patients
with >3 tumor ACC lesions was significantly lower than
that of patients with <3 tumor lesions (P<0.05, Figure 5D).

Univariate Cox regression analysis revealed that age,
gender, clinical symptom, tumor location, tumor number,
tumor size, PET/CT metabolic parameters, and treatment
was not associated with the PFS of PACCL patients (P>0.05,
Table 3).
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Figure 1 "F-FDG PET/CT images of patients with PACCL and SACCL, respectively. (A) PACCL in a 21-year-old woman. MIP,

transverse PET, CT, and fused PET/CT images showed a soft tissue mass located in the upper trachea with intense FDG uptake (SUV,

max)

6.0; solid arrows). (B) SACCL in a 40-year-old man. MIP, transverse PET, CT, and fused PET/CT images show the largest lesion of
multiple metastases in the right lung with mild FDG uptake (SUV,,,,, 1.7; dotted arrows). MIP also shows intense FDG uptake in the left

nasopharynx (triangle arrow). MIP, maximum intensity projection; PET, positron emission tomography; CT, computed tomography; FDG,

fluorine-18-fluorodeoxyglucose; PACCL, primary adenoid cystic carcinoma of the lung; SACCL, secondary adenoid cystic carcinoma of the

lung; SUV,

maxy

maximum standard uptake value.
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Figure 2 ROC curve analysis of the ability of SUV,,, to
distinguish between PACCL and SACCL. ROC, receiver
operating characteristic; SUV,,,,, maximum standard uptake value;

PACCL, primary adenoid cystic carcinoma of the lung; SACCL,

secondary adenoid cystic carcinoma of the lung.
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Discussion

The presence of ACCL is rare, and it either primarily
originates from the submucosa glands distributed along in
the tracheobronchial system or metastasizes from the ACC
of the head and neck. Consistent with previous reports
(4,7,22), in our study cohort, PACCL was more often
observed in the trachea and major bronchus and rarely
in the peripheral lung, while SACCL mainly occurred in
the peripheral or segmental localization of the lung. In
agreement with the literature (2,9,23), the most common
clinical symptoms in our patients with ACCL were cough
and dyspnea. Notably, in our study, patients with PACCL
manifested a higher incidence of cough compared to
SACCL patients, which may be due to the predilection site
of PACCL in the trachea and major bronchus. Patients with
SACCL were more likely to be asymptomatic and present
with multiple lesions compared to PACCL patients, and
this may be due to its preferential location in the peripheral
lung via hematogenous metastasis from the ACC of the
head and neck (24). Moreover, the current data showed that
there were no differences in age, sex, tumor size, and serum
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tumor markers between the PACCL and SACCL groups.
Due to nonspecific manifestations, it is challenging to
distinguish ACCL from other pulmonary malignancies and
benign diseases. Furthermore, it is also difficult to make a
differential diagnosis between PACCL and SACCL merely
based on their clinical characteristics and morphology.
Thus, acquisition of previous tumor history of the patient
plays a critical role in their differential diagnosis.

"F-FDG PET/CT has been shown to be useful
in differentiating malignant and benign diseases and
predicting metastasis and prognosis in ACC of the head and
neck (15,18,25). The SUV,,,, is the most commonly used
metabolic parameter of “F-FDG PET/CT, and reflects the
tumor metabolic activity and aggressiveness of the tumor (13).
A number of studies have reported on the *F-FDG PET/
CT findings of ACCL, with the SUV,, ranging from 2.5 to
8.8 (11,17,26). All the lesions in our study showed increased
FDG uptake to varying degrees, with a median SUV
of 4.0, indicative of the malignant nature of the tumor.
Moreover, the SUV,,,, of PACCL was significantly higher
than that of SACCL, and the optimal differential cut-off
value was 3.2, which indicated that PACCL may possess
higher tumor aggressiveness compared to SACCL, although
the prognosis seems better in the first one as compared to
the second one. Probably it would be due to the fact that
PACCL is more likely to be surgically resected for its fewer
and more confined lesions. In addition, patients with clinical
symptoms or those with fewer lesions tended to have
higher SUV,_, in the whole cohort, which was in line with
the greater FDG uptake in PACCL since the presence of
clinical symptom and only one or two detected lesions was
more frequent in PACCL. Furthermore, a higher SUV_
was also correlated with the presence of clinical symptoms
in PACCL patients. This may be explained by the fact
that the more aggressive the tumor, the more it invades
the surrounding structures and causes clinical symptoms.
Moreover, the current study demonstrated that glucose
metabolism of the ACCL was associated with the tumor
size in both the whole cohort and the PACCL group.

Surgical resection is the first choice of treatment,
whenever feasible, for ACCL patients. Multiple studies
have shown that surgery can provide a significant survival
advantage in PACCL over non-surgical treatment,
regardless of complete or incomplete resection (3,22,27-29).
Even for SACCL from the head and neck, lung
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metastasectomy should be considered as a therapeutic
option to control disseminated disease and to achieve
better survival when complete resection is feasible and the
metastasis time interval is greater than 36 months (30).
However, in the present study, no significant difference
in PFS interval was found between patients who had
undergone surgery and those in the non-surgery group.
Due to the rarity of ACCL, adjuvant radiotherapy for
postoperative ACCL patients remains controversial. Several
studies have demonstrated that postoperative radiotherapy
significantly improves overall survival, especially in ACCL
patients with lymph node metastasis or positive margin
resection (R1) (22,31,32). In the current study, the majority
of patients (22/40) underwent surgery for tumor resection.
All patients had negative margin resection (R0) according
to postoperative pathology results. For 5 patients who were
confirmed by surgical histopathology to have lymphatic

© Translational Lung Cancer Research. All rights reserved.

metastasis, perineural invasion, or extraparenchymal
extension, postoperative radiotherapy was additionally
administered. Regarding advanced inoperable ACCL,
palliative chemotherapy and radiotherapy should be
considered as an alternative therapy (23,33,34). Wu et al.
reported a case with unresectable tracheal ACC who
responded rapidly to radiotherapy (35). Moreover, only a
few case reports have indicated that ACCL patients may
be candidates for target therapy (36). Expression of the
epidermal growth factor receptor (EGFR) in the ACC of
the lung has been reported, but the frequency of EGFR
mutation is rare (37). Mutational landscape analysis
conducted by Wang et 4. showed a distinctive mutational
spectrum of PACCL that has frequent mutations in
chromatin remodeling and Notch signaling pathway genes,
whereas, there was a lack of mutations in the majority
of non-small cell lung cancer driver genes, including
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Table 2 Univariate and multivariate Cox proportional hazards regression for PFS of ACCL patients

Univariate analysis Multivariate analysis
Variables
P value HR 95% Cl P value HR 95% ClI

Age 0.435 0.97 0.90-1.05 - - -
Gender (female) 0.350 0.48 0.10-2.22 - - -
Clinical symptoms 0.582 0.66 0.15-2.96 - - -
Tumor origin (S vs. P) 0.039* 5.03 1.09-23.27 0.539 1.90 0.24-14.83
Tumor location (lung, pleura) 0.005* 8.34 1.00-69.78 0.275 4.84 0.29-81.79
Tumor number (=3) 0.039* 5.75 1.10-30.16 0.865 1.25 0.09-17.26
Tumor size 0.995 1.00 0.95-1.05 - - -
SUVmax 0.879 0.98 0.73-1.31 - - -

MTV 0.683 1.02 0.92-1.03 - - -

TLG 0.855 1.00 0.97-1.03 - - -
Treatment (no surgery) 0.803 1.22 0.26-5.67 - - -

*, statistically significant. S and P represents secondary and primary adenoid cystic carcinoma of the lung. PFS, progression-free survival;
ACCL, adenoid cystic carcinoma of the lung; SUVmax, maximum standard uptake value; MTV, metabolic tumor volume; TLG, total lesion
glycolysis; HR, hazard ratio; Cl, confidence interval.
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Table 3 Univariate Cox proportional hazards regression for PFS of
PACCL patients

Univariate analysis

Variables P value
HR 95% Cl

Age 0.98 0.88-1.08 0.653

Gender (female) 0.35 0.02-6.15 0.470

Clinical symptoms 29.43 0.00- 0.652

71,135,719.67

Tumor location (lung, pleura) 3.77 0.34-41.64 0.279

Tumor number (=3) 1.98 0.17-23.58 0.591
Tumor size 1.00 0.92-1.10 0.980
SUVmax 1.30 0.83-2.03 0.259
MTV 0.89 0.65-1.21 0.445
TLG 1.01 0.97-1.05 0.720
Treatment (no surgery) 0.015 0.00-1,327.44 0.471

PFS, progression-free survival; PACCL, primary adenoid cystic
carcinoma of the lung; SUVmax, maximum standard uptake value;
MTV, metabolic tumor volume; TLG, total lesion glycolysis; HR,
hazard ratio; Cl, confidence interval.

EGFR (38). However, in the present study, one patient with
PACCL presented with an EGFR mutation and was given
EGFR- tyrosine kinase inhibitors (TKI) therapy.

ACCL has a significant tendency toward submucosal
extension within the airway with circumferential and
infiltrative growth and extraluminal extension (11,39).
Consistent with previous reports, the prevalence of lymph
node metastasis was relatively low in PACCL patients,
ranging from 18.2% to 35.3%, whereas, about 50% of
PACCL may eventually have hematogenous metastases
(9,28,40). Furthermore, ACC originating from the
bronchus was shown to be a risk factor for lymph node
metastasis compared with tracheal ACC. In our study,
lymphatic metastases were relatively uncommon, occurring
in only three cases undergoing surgery, two of which were
located in the main bronchus and one in the left upper lobe.
None of the SACCL patients who underwent surgery were
confirmed to have lymphatic metastases, suggesting that
ACC was mainly associated with hematogenous metastasis
rather than lymphatic metastasis.

As reported in previous studies, the overall 5- and 10-year
survival rates of PACCL are 33-88.7% and 10-45%,
respectively (3,27,29). The median PFS of PACC of the
tracheobronchial tree was 56.9 months and the 5-year PFS
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was 48.6% in a report by Huo er 4/. (20). In our analysis,
the median PES of patients with ACCL was 71.1 months,
and the 12- and 24-month PFS rates were 96.1% and
91.6%, respectively. For the five deceased cases, the median
interval between treatment and death was 34.5 months
(range, 10.1-88.0 months), suggesting its indolent nature
and the relatively long-term survival even after distant
metastasis. In this study, SACCL located at the peripheral
lung and multiple ACC lesions were found to be associated
with significantly poorer PFS, which may result from
more severe cachexia, faster tumor progression, and lost
opportunity for a complete surgical resection. A previous
investigation reported that the SUV,,, of “F-FDG PET
was associated with distant metastasis in the ACC of the
head and neck (41). However, no correlation between
SUV,.., and PFS was identified in this current study. The
lack of any significant impact of FDG uptake on PFS may
be due to the indolent nature of ACC with late recurrence
or metastasis and the relatively short follow-up period.
Moreover, lymph node involvement is suggestive of poorer
survival in ACC of the lung (31). However, we did not find
this correlation in our data, which may be due to the small
number of cases with lymphatic metastasis.

There were several limitations to this study. First, the
relatively small number of patients and the retrospective
nature of the study decreased the statistical power to
analyze the relationship between PET/CT parameters and
clinicopathological features or the prognosis of ACCL.
Second, since the medical data collected ranged over a
10-year period, some patients were lost at follow-up. In
addition, the follow-up period for evaluating the conditions
of late recurrence or distant metastasis of ACCL was
variable and relatively short in some patients. Furthermore,
different therapeutic strategies were chosen depending on
the patient’s condition, and thus, it was difficult to analyze
the effects of different treatments on prognosis. To date, no
uniform grading system for primary tracheal malignancies
has been established (23). As a result, this study did
not analyze the effects of tumor staging of PACCL on
prognosis.

Conclusions

"This study retrospectively investigated the clinicopathological
characteristics, "F-FDG PET/CT findings, and prognosis
of ACCL. SACCL patients were found to more commonly
have multiple ACC lesions in the peripheral lung and to
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be asymptomatic compared to PACCL patients. "F-FDG
PET/CT was useful in differentiating PACCL from SACCL
based on the SUV,,,.. Higher glucose metabolism assessed
by "F-FDG PET/CT, of ACCL was observed in patients
with clinical symptoms, fewer lesions, or larger tumor size.
SACCL located at peripheral lung or multiple ACC lesion
numbers was associated with poorer PFS. However, PET
metabolic parameters and clinicopathological features were
not independent predictors of PFS in ACCL patients.
A larger multicenter trial is warranted to affirm these
conclusions.
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