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The Association Between Metformin Use and
Outcomes of Hospitalized COVID-19 Patients

Chen-Yi Lin", Hsin-Pei Chung'?, Yen-Hsiang Tang®®, Chun-Yen Chen®*
Chao-Hsien Chen'®, Wen-Kuei Chang'®, Kuan-Chih Kuo™?, Yen-Ting Chen"®
Jou-Chun Wu'?, Chang-Yi Lin"®, Chieh-Jen Wang™*’

Background: Metformin is a widely prescribed medication for type 2 diabetes; however,
therapeutic effects beyond glucose control have been reported. Recent studies have
suggested its potential in alleviating symptoms of post-COVID-19 condition (long COVID),
and possibly shortening the duration of the disease. We conducted this study to investigate
whether metformin use could improve the outcomes of hospitalized COVID-19 patients.

Methods: We included patients diagnosed with COVID-19 infection at MacKay Memorial
Hospital from May to June 2021. We categorized the patients into metformin and non-
metformin use groups, regardless of their diabetes mellitus status.

Results: A total of 285 patients were included. After propensity score matching, 82
patients were enrolled for analysis, including 41 patients in each group. Cox proportional
hazards analysis showed that mortality was not related to metformin use (adjusted hazard
ratio [aHR]: 0.67, 95% confidence interval [CI]: 0.05-9.2, p=0.76) or duration of metformin
use (aHR: 0.91, 95% CI: 0.74-1.13, p=0.40). However, patients with a longer duration of
metformin use had a higher risk of receiving invasive mechanical ventilation support (aHR:
1.08, 95% CI: 1.03-1.13, p=0.003).

Conclusion: Our findings showed that mortality was not significantly associated
with metformin use or its duration. However, patients with a longer duration of metformin
use appeared to have a higher risk of requiring invasive mechanical ventilation support.
Consequently, the duration of metformin use may be linked to the progression of COVID-19.
Further studies are warranted to clarify the relevance of metformin use in the treatment of
COVID-19. (Thorac Med 2025; 40: 194-201)

Key words: Metformin, COVID-19, mortality, mechanical ventilation
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Introduction

Coronavirus disease 2019 (COVID-19),
caused by severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2), first emerged in
late December 2019 and rapidly evolved into
a global pandemic. COVID-19 has had a great
impact on both the individual and healthcare
systems in many countries. Given the limited
medical understanding and unprecedented
nature of this disease, various pharmacologic
interventions lacking proven effects, including
chloroquine, lopinavir/ritonavir, favipiravir,
interferon and tocilizumab, have been used in
clinical settings [1]. In addition, metformin has
also emerged as a potential treatment for CO-
VID-19.

Metformin is a well-established agent
used in the treatment of type 2 diabetes mel-
litus (DM), and it has had beneficial effects on
COVID-19 patients in previous studies. The
COVID-OUT study found that COVID-19 pa-
tients treated with metformin had a 41% lower
incidence of long COVID [2]. Multiple mecha-
nisms of action have been proposed for this ef-
fect, including reducing viral entry into the cell
[3], and lowering anti-inflammatory activity
and suppressing the release of proinflammatory
cytokines [3-5]. Consequently, metformin may
improve the outcomes of COVID-19 patients
by reducing the symptoms associated with long
COVID and shortening the overall disease du-
ration [6]. Thus, we conducted this study to val-
idate the potential impact of metformin on the
outcomes of hospitalized COVID-19 patients.

Methods

Design and Patients
In this single-center, retrospective, obser-

vational study, we included adult patients di-
agnosed with COVID-19 infection at MacKay
Memorial Hospital from May 1, 2021 to June
30, 2021. The inclusion criteria were patients
aged 18 years or older, with a confirmed diag-
nosis of COVID-19 through a positive reverse
transcription-polymerase chain reaction (RT-
PCR) test at the emergency department. The
exclusion criteria were patients with “do not in-
tubate” orders and those with a history of previ-
ous COVID-19 diagnoses. Data on patient char-
acteristics, medical conditions, co-morbidities,
medication history, duration of hospitalization,
and laboratory findings were obtained from a
review of their electronic medical records. The
Sequential Organ Failure Assessment (SOFA)
score, a critical tool in assessing organ dysfunc-
tion and morbidity, was calculated for each pa-
tient.

The patients were assigned into metformin
and non-metformin use groups, and the severity
of disease, progression and hospital mortality
rate were compared between the 2 groups. The
metformin use group included patients with a
record of metformin usage during hospitaliza-
tion after being diagnosed with COVID-19
infection. To enhance the comparability of the
groups and reduce the possible confounding ef-
fects of treatment selection bias, we performed
1:1 propensity score matching for age, gender
and SOFA score for the 2 groups.

Statistical Analysis

Continuous variables are expressed as mean
+ standard deviation and categorical variables
are expressed as percentages. Continuous vari-
ables were compared using Student’s t test, and
categorical variables were compared using the
chi-square test or Fisher’s exact test before and
after matching. The duration of metformin use

Thorac Med 2025. Vol. 40 No. 3
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was analyzed using receiver operating charac-
teristic (ROC) curves. We used a Cox propor-
tional hazards model to examine the association
between metformin use and mortality, as well as
the relationship between metformin use and the
need for invasive mechanical ventilation (MV)
support. We used the Kaplan—Meier method
to plot survival curves, and analyzed differ-
ences between curves using the log-rank test. P-
values<0.05 (2-sided) were considered statisti-
cally significant. Data were analyzed with SPSS
version 21.0 (IBM, Armonk, NY, USA).

Results

A total of 332 patients were initially en-
rolled. After excluding 47 patients based on the
exclusion criteria, a total of 285 patients were
included. Among them, 41 patients were clas-
sified into the metformin use group, and 244
patients were classified into the non-metformin
use group. Table 1 provides a detailed overview
of the baseline characteristics of the patients,
including demographics, medical history, and
other relevant parameters. After 1:1 propensity

Table 1. Baseline Characteristics of Patients with/without Metformin use before (Unmatched) and after (Matched) 1:1 Propensity Score Matching

Unmatched group

Matched group

Metformin use  No metformin use

Metformin use No metformin use

P value P value
(n=41) (n=244) (n=41) (n=41)

Age (years) 62.3+11.0 613+ 154 0.69 62.3+11.0 63.7+14.3 0.63
Gender (male) 24 (58.5%) 133 (54.5%) 0.63 24 (58.5%) 21 (51.2%) 0.51
SOFA score 2.0£1.5 22+2.1 0.56 2.0+1.5 2.0+1.5 0.88
COPD 0 (0%) 13 (5.3%) 0.13 0 (0%) 1 (2.4%) 0.31
CAD 4 (9.8%) 17 (7.0%) 0.53 4 (9.8%) 3(7.3%) 0.69
HF 0 (0%) 9 (3.7%) 0.21 0 (0%) 1 (2.4%) 0.31
DM 36 (87.8%) 48 (19.7%) <0.001 36 (87.8%) 9 (22.0%) <0.001
BMI 23.4+£11.0 20.5+11.2 0.13 23.4+11.0 20.0+12.0 0.19
WBC 7207.3+3690.1 7742.6+8255.5 0.68 7207.3£3690.1  7339.0+4763.6 0.89
eGFR 78,7+34.6 75.9+£37.0 0.66 78.7+34.6 76.8+33.7 0.81
Tocilizumab use 12 (29.3%) 74 (30.3%) 0.89 12 (29.3%) 11 (26.8%) 0.81
Remdesivir use 16 (39.0%) 94 (38.5%) 0.95 16 (39.0%) 17 (41.5%) 0.82
Metformin (days) 12.0£9.6 0 12.0+£9.6 0
MV use 11 (26.8%) 54 (22.1%) 0.51 11 (26.8%) 9 (22.0%) 0.61
Death 2 (4.9%) 24 (9.8%) 0.31 2 (4.9%) 2 (4.9%) 1.00
Propensity score -1.76+0.13 -1.794+0.19 0.02 -1.76+0.13 -1.75+0.13 0.96

SOFA: sequential organ failure assessment; COPD: chronic obstructive pulmonary disease; CAD: coronary artery disease; HF: heart failure; DM:

diabetes mellitus; BMI: body mass index; WBC: white blood cells; eGFR: estimated glomerular filtration rate; MV: mechanical ventilation.

Thorac Med 2025. Vol. 40 No. 3
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score matching to ensure balanced representa-
tion of patients in both groups, there were 41
patients each in the metformin use and non-
metformin use groups.

Cox proportional hazards model analysis
revealed that contrary to initial expectations,
there was no statistically significant correlation
between metformin use and mortality (adjusted
hazard ratio [aHR]: 0.67, 95% confidence in-

terval [CI]: 0.05-9.2, p=0.76). Moreover, there
was no significant association between the du-
ration of metformin use and mortality (aHR:
0.91, 95% CI: 0.74-1.13, p=0.40) (Table 2).
However, those patients with a longer duration
of metformin use during hospitalization had a
higher risk of receiving invasive MV support
(aHR: 1.08, 95% CI: 1.03-1.13, p=0.003), as
shown in Table 3.

Table 2. Association between Metformin Use and Mortality Based on Cox Proportional Hazards Analysis

Hazard ratio (95% CI) P value

Unmatched group
Model 1 Metformin (use vs. nonuse) 0.29 (0.06-1.34) 0.11
Model 2 Metformin use (days) 0.90 (0.78-1.02) 0.11
Matched group
Model 1 Metformin (use vs. nonuse) 0.67 (0.05-9.20) 0.76
Model 2 Metformin use (days) 0.91 (0.74-1.13) 0.40

Variables in model 1: age, gender, metformin use (vs nonuse), DM

Variables in model 2: age, gender, metformin use (days), DM

DM: diabetes mellitus.

Table 3. Association between Metformin and Ventilator Use Based on Cox Proportional Hazards Analysis

Hazard ratio (95% CI) P value

Unmatched group
Model 1 Metformin (use vs. nonuse) 1.10 (0.52-2.34) 0.80
Model 2 Metformin use (days) 1.04 (1.01-1.08) 0.03
Model 3 Metformin use (>17.5 vs <17.5 days) 4.89 (1.91-12.51) 0.001
Matched group
Model 1 Metformin (use vs. nonuse) 1.45 (0.47-4.46) 0.52
Model 2 Metformin use (days) 1.08 (1.03-1.13) 0.003
Model 3 Metformin use (>17.5 vs <17.5 days) 7.94 (2.39-26.39) 0.001

Variables in model 1: age, gender, metformin use (vs nonuse), DM
Variables in model 2: age, gender, metformin use (days), DM

Variables in model 3: age, gender, metformin use (>17.5 vs <17.5 days), DM

#cut-off point of 17.5 days was calculated using the ROC curve
DM: diabetes mellitus; ROC: receiver operating characteristic.

Thorac Med 2025. Vol. 40 No. 3
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Sensitivity
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Fig. 1. Receiver Operating Characteristic Curve Analysis.

The area under the curve (AUC) for the association between
metformin use and mortality was 0.484 (red line), and the AUC for
the association between metformin use and the need for invasive
mechanical ventilator support was 0.587 (blue line). Metformin use
of 17.5 days was the optimal cut-off point.

AUC: area under the curve.

ROC curve analysis identified that the use
of metformin for 17.5 days was an optimal cut-
off point for comparisons. In addition, the area
under the curve (AUC) for the association be-
tween metformin use and mortality was 0.484,
and the AUC for the association between met-
formin use and the need for invasive MV sup-
port was 0.587 (Fig. 1). Kaplan-Meier analysis
showed that metformin use >17.5 days was
correlated with a higher probability of receiving
invasive MV support in both the unmatched and
matched groups (Fig. 2 and Fig. 3).

Discussion

Our results revealed no significant cor-
relation between metformin use and mortality
among COVID-19 patients. However, we ob-
served an association between a longer duration
of metformin use and the requirement for inva-
sive MV support. These findings suggest that
prolonged metformin usage may contribute to
adverse outcomes in COVID-19 patients.

Thorac Med 2025. Vol. 40 No. 3
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Fig. 2. Kaplan-Meier Analysis in the Unmatched Group.

The result showed that metformin use >17.5 days was correlated with
a higher probability of receiving invasive mechanical ventilation
support in the unmatched group.

Above: use “Probability of being free from ventilator use”;
Metformin <17.5 days; Metformin >=17.5 days.
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Fig. 3. Kaplan-Meier Analysis in the Matched Group.

The result showed that metformin use >17.5 days was correlated with
a higher probability of receiving invasive mechanical ventilation
support in the matched group.

Above: use the same corrections as in Fig. 2 above.

During the early stage of the COVID-19
pandemic, no standardized medications had yet
been approved for its treatment. Consequently,
various medications, including metformin, were
explored as potential options. Although the use
of metformin may seem unconventional in this
context, there was evidence from systematic
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articles illustrating its beneficial effects [7], in-
cluding some efficacy in reducing the severity
of COVID-19 [8].

Cytokine storm is a major factor contribut-
ing to the high mortality rate in COVID-19 pa-
tients [9]. Metformin has been observed to dis-
rupt the function of proinflammatory cytokines
by inhibiting the ACE-Ang II-AT1R signaling
pathway [3], which reduces macrophage acti-
vation and NF-kB signaling. NF-xB signaling
promotes the transcription of proinflammatory
cytokines, including IL-1f, IL-6 and tumor ne-
crosis factor alpha (TNF-a) [5]. Thus, by inhib-
iting the ACE-Ang II-AT1R signaling pathway,
metformin can potentially inhibit the onset of a
cytokine storm in the context of COVID-19 [10].
Some studies have shown that a cytokine storm
can also be triggered by dysregulation of the
AMPK/mTOR signaling pathway [11]. Metfor-
min can activate AMPK, thereby suppressing
the mTOR signaling pathway and consequently
reducing pro-inflammatory signaling and the
cytokine storm [12]. Activation of AMPK can
also inhibit ACE2-viral spike protein binding,
leading to a reduction in viral entry into the cell
[4].

Clinical trials have also suggested an as-
sociation between metformin use and a reduced
risk of mortality [13]. In the COVID-OUT trial,
metformin was shown to reduce the incidence
of long COVID by 41%. In addition, metformin
showed a more pronounced effect in reducing
the risk of long COVID when initiated within 4
days of symptom onset [2]. However, our find-
ings are not consistent with these clinical trials,
and we found no association between metfor-
min use and a reduction in mortality or im-
provement in COVID-19 symptoms. Moreover,
we found an association between an increased
risk of invasive MV use and a longer duration

of metformin use during hospitalization. This
raises important questions about the potential
link between the duration of metformin use and
a greater risk of requiring invasive MV in CO-
VID-19 patients. In our study, metformin was
administered exclusively to patients with DM.
Further research is warranted to investigate the
use of metformin as an independent treatment
for COVID-19 in patients both with and with-
out DM.

It is important to acknowledge that several
factors are known to contribute to a higher risk
of severe COVID-19, including pre-existing
conditions such as DM, older age (>65 years),
obesity (body mass index >30 kg/m2), cardio-
vascular disease, chronic lung disease, and liver
disease [14]. These factors may influence the
progression of the disease. Given that DM is
associated with an immunocompromised status,
we hypothesized that metformin users with DM
may be more vulnerable to the progression of
COVID-19 and consequent respiratory com-
plications. This heightened vulnerability could
potentially predispose them to an increased risk
of requiring intubation as the disease advances.
In addition, since we only recorded the dura-
tion of metformin usage during hospitalization,
a longer duration of metformin use may have
contributed to prolonged hospitalization. The
association between prolonged metformin use
and increased invasive MV may simply reflect
the patient’s unstable hemodynamic condition,
necessitating extended hospitalization. This
unstable condition likely increased the risk of
requiring invasive MV.

There are some limitations to this study.
First, it was a single-center, retrospective analy-
sis. Second, we lacked data on the duration of
metformin use in the patients prior to admis-
sion, and only recorded metformin usage dur-

Thorac Med 2025. Vol. 40 No. 3
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ing hospitalization. As a result, our evaluation
of metformin’s impact on requiring mechanical
support and on mortality was confined to the
post-admission period. Third, we did not cat-
egorize our patients based on COVID-19 sever-
ity, such as mild, moderate, severe, or critical
conditions. Additionally, in the metformin use
group, we were unable to assess the severity
of type 2 DM due to missing information on
HbAlc levels, DM duration, or DM-related
complications. These factors are crucial, as
they could influence the outcomes related to the
need for invasive MV and the mortality rates.
Fourth, we did not increase the propensity score
match ratio beyond 1:1 to enhance the precision
of the study, because doing so could introduce
higher bias. Fifth, immortal time bias may have
skewed the results of this study, potentially af-
fecting the accuracy of our findings. Patients
were hospitalized following a confirmed CO-
VID-19 diagnosis in the emergency department,
and we only recorded the duration of metformin
usage during hospitalization, up until discharge,
death, or intubation. We did not account for the
time between the confirmed diagnosis and the
initiation of metformin use. Lastly, the decision
to intubate and provide mechanical support was
individualized for each patient, as there were no
standardized criteria for selecting between in-
vasive mechanical support and high-flow nasal
continuous positive airway pressure as a means
to delay intubation. Consequently, the number
of patients requiring invasive MV support may
have been underestimated.

Conclusion
Our results showed that the use of metfor-

min was not associated with mortality among
hospitalized COVID-19 patients. However, pa-

Thorac Med 2025. Vol. 40 No. 3

tients with an extended duration of metformin
use had an increased risk of requiring invasive
MYV support.
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Prognosis of EGFR-mutated Non-small Cell Lung
Cancer Patients with Intra-abdominal Metastases

Hao-Ming Wu', Chi-Tsun Chiu?, Jia-Shiuan Ju', Ping-Chih Hsu"?, Li-Chung Chiu"?
Horng-Chyuan Lin"®, Cheng-Ta Yang"*®°, How-Wen Ko"*

Background: Non-small cell lung cancer (NSCLC) patients generally have a poor
prognosis with distant metastasis. Studies have found that NSCLC patients with epidermal
growth factor receptor (EGFR) mutations exhibit a higher incidence of brain and bone
involvement, which worsens prognosis. However, little is known about the outcomes of
EGFR-mutated patients with intra-abdominal metastasis.

Materials and Methods: This retrospective study included 383 metastatic NSCLC
patients with an EGFR mutation who received first-line gefitinib, erlotinib or afatinib at our
hospital between January 2016 and December 2017.

Results: Ninety-eight patients (26%) had intra-abdominal metastasis, including liver (47),
adrenal/renal (42), and abdominal lymph node/spleen (31) metastasis. In patients with intra-
abdominal metastasis, overall survival (OS) (median, 17.5 vs. 32.7 months; p < 0.001) and
progression-free survival (PFS) (median, 9.15 vs. 14.7 months; p < 0.001) were significantly
shorter than in those without intra-abdominal metastasis. Compared to EGFR-mutated
patients with only intra-thoracic metastasis (stage M1a), patients with intra-abdominal
metastasis had the worse OS (hazard ratio (HR), 2.894; 95% confidence interval (Cl),
2.051-4.082; p < 0.001), with the most severe reduction in OS in patients with adrenal/renal
metastasis (HR, 5.646; 95% CI, 3.309-9.633; p < 0.001). No significant differences were
observed in prognosis and response to first-line EGFR-TKIs between patients with an L858R
mutation and those with an exon 19 deletion. The frequency of acquired T790M mutations
was lower in patients with intra-abdominal metastases than in those without, but without
statistical significance.

Conclusion: Intra-abdominal metastasis in EGFR-mutated NSCLC patients was
associated with poor survival, with the worst outcomes in those with adrenal/renal metastasis.
(Thorac Med 2025; 40: 202-212)
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Introduction

Advanced non-small cell lung cancer
(NSCLC) is associated with a poor prognosis
and a high incidence of metastasis [1]. A sig-
nificant proportion of NSCLC patients present
with metastatic disease at diagnosis, and nearly
half of those with early-stage lung cancer prog-
ress to metastatic disease within 5 years [2].
Major sites of NSCLC metastasis include bone
(34.3%), lung (32.1%), brain (28.4%), liver
(13.4%), adrenal glands (16.7%), and distant
lymph nodes (9.5%) [3]. The prognosis of a
separate metastatic organ in NSCLC has been
extensively studied. It was reported that liver
metastasis in NSCLC has the worst prognosis
among lung cancer single organ metastases,
with a median OS of 4 months [4]. On the other
hand, NSCLC patients with adrenal metastasis
were reported to have a lower OS than those
without adrenal metastasis [5]. More research
is needed to enhance the prognosis for patients
with intra-abdominal metastasis.

Among the various genetic alterations
identified in NSCLC, epidermal growth fac-
tor receptor (EGFR) mutations were present
in nearly half of Asian NSCLC patients, but in
only 11-16% of non-Asian patients [6]. With
the development of EGFR-tyrosine kinase in-
hibitors (EGFR-TKIs), overall prognosis was
much better in advanced NSCLC patients with
EGFR mutations than in those with wild-type
EGFR status [7]. Previous studies have suggest-
ed that EGFR-mutated NSCLC patients have a
higher incidence of distant metastasis [8]. Intra-
abdominal metastasis presents unique chal-
lenges due to the complex anatomical structures
and the potential for multi-organ involvement
[9]. However, less is known about the impact of
intra-abdominal organ metastasis on the prog-

nosis of NSCLC patients with EFGFR mutations,
such as to the liver, adrenal glands, or perito-
neum.

In this study, we aimed to investigate the
prognosis of EGFR-mutated NSCLC patients
with intra-abdominal organ metastasis in a real-
world cohort. In addition to treatment efficacy
of first-line EGFR-TKIs, we also explored the
association of different EGFR mutations with
outcome, frequency of acquired T790M muta-
tions, and outcome with later-line osimertinib
treatment.

Materials and Methodss

This was a retrospective cohort study fo-
cused on patients with metastatic NSCLC. We
recruited patients who received treatment in
Linkou Chang Gung Memorial Hospital be-
tween January 2016 and December 2017. The
inclusion criteria were newly diagnosed or
recurrent metastatic NSCLC, positive EGFR
mutations, and approval by Taiwan’s National
Health Insurance for first-line treatment with
gefitinib, erlotinib or afatinib. All patients un-
derwent a comprehensive staging assessment at
diagnosis, which included computed tomogra-
phy (CT) scans, positron emission tomography
(PET) scans, and magnetic resonance imaging
(MRI) of the brain.

Clinical data were recorded, including
age, sex, smoking status, Eastern Cooperative
Oncology Group (ECOG) performance status,
histology, disease stage (according to American
Joint Committee on Cancer, 8th edition), EGFR
mutation types, first-line TKI treatment, osimer-
tinib treatment, treatment duration, and initial
metastasis prior to the administration of EGFR-
TKI. Metastasis involving intra-abdominal
organs (liver, renal/adrenal, abdominal lymph
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node and spleen) was categorized as intra-abdom-
inal metastasis. Participants were divided into 2
groups based on the presence or absence of intra-
abdominal metastasis. All data of the enrolled
patients were included in the analysis. The data
cut-off for the final analysis was June 1, 2024.
This study was approved by the Institution-
al Review Board of Chang Gung Medical Foun-
dation (No. 202401317B0), and was conducted
in accordance with the Good Clinical Practice
guidelines and the Declaration of Helsinki.

Statistical Analysis

Survival curves were generated using the
Kaplan—Meier method and compared using the
log-rank test. The Cox proportional hazards re-
gression model was utilized to estimate hazard
ratios (HR) and 95% confidence intervals (CI)
for both univariate and multivariate analyses,
in order to identify factors affecting patient OS.
Categorical variables were analyzed using the
chi-squared test, and Student’s t-test was used
to compare continuous variables. For all analy-
ses, a p value < 0.05 was considered indicative
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of a statistically significant difference. Statisti-
cal analyses were performed using R software
(version 4.1.2).

Results

A total of 383 metastatic NSCLC patients
with an EFGR mutation received TKI treat-
ment. Baseline characteristics are summarized
in Table 1. Ninety-eight patients (25.6%) had
intra-abdominal metastasis, and had a similar
age, gender composition, ECOG performance
status, and smoking status to those without
intra-abdominal involvement. However, a soli-
tary lesion was uncommon upon diagnosis of
intra-abdominal metastasis (TNM stage, M1b:
11.2%; Mlc: 88.8%).

Among all stage IV NSCLC patients with
EGFR mutations, those patients with intra-
abdominal metastasis had significantly shorter
OS (median, 17.5 months vs. 32.7 months; p <
0.001) and PFS (median, 9.15 months vs. 14.7
months; p < 0.001) than those without intra-
abdominal involvement (Fig. 1). Stage Mla
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0%
75% Median, 32.7 month

(95%Cl, 27.3-35.2)
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Fig. 1. OS (A) and PFS (B) in EGFR-mutated NSCLC patients with and without intra-abdominal metastasis. CI: confidence interval, EGFR:
epidermal growth factor receptor; NSCLC: non-small cell lung cancer; OS: overall survival; PFS: progression-free survival; Intra-abd: intra-

abdominal metastasis.
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Table 1. Baseline Characteristics of all Metastatic EGFR-mutated NSCLC Patients

All stage IV With intra-abdominal Without intra-abdominal

Demographic (n=383) metastasis (n = 98) metastasis (n = 285) P-value
Age
Mean + SEM 66.1 (12.5) 65.9 (12.9) 66.2 (12.3) 0.793
Gender
Male 152 (39.7%) 40 (40.8%) 112 (39.3%) 0.791
Female 231 (60.3%) 58 (59.2%) 173 (60.7%)
ECOG PS
0~1 321 (83.8%) 78 (79.6%) 243 (85.3%) 0.189
2~4 62 (16.2%) 20 (20.4%) 42 (14.7%)
Smoking
Never 308 (80.4%) 80 (81.6%) 228 (80.0%) 0.725
Ever 75 (19.6%) 18 (18.4%) 57 (20.0%)
Histology
Adenocarcinoma 365 (95.3%) 92 (93.9%) 273 (95.8%) 0.26
Adenosquamous 10 (2.6%) 2 (2.0%) 8 (2.8%)
NSCLC, others 8(2.1%) 4 (4.1%) 4 (1.4%)
Stage
Mla 111 (29%) 0 (0%) 111 (38.9%) <0.001
MIlb 51 (13.3%) 11 (11.2%) 40 (14.0%)
Mlc 231 (62.2%) 87 (88.8%) 132 (46.3%)
Metastases
lung/pleura/pericardia 282 (73.6%) 64 (65.3%) 218 (76.5%) 0.03
bone 180 (47%) 62 (63.3%) 118 (41.4%) <0.001
brain 133 (34.7%) 44 (44.9%) 89 (31.2%) 0.014
intra-abdominal 98 (25.6%)
liver 47 (12.3%) 47 (48%)
adrenal/renal 42 (11.0%) 42 (42.9%)
abdominal LNs/spleen 31 (8.1%) 31 (31.6%)
EGFR mutations
19del 167 (43.6%) 44 (44.9%) 123 (43.2%) 0.453
L858R 185 (48.3%) 49 (50.0%) 136 (47.7%)
Uncommon 31 (8.1%) 5(5.1%) 26 (9.1%)
1st-line EGFR-TKIs
Gefitinib 59 (15.4%) 10 (10.2%) 49 (17.2%) 0.247
Erlotinib 88 (23.0%) 23 (23.4%) 65 (22.8%)
Afatinib 236 (61.6%) 65 (66.3%) 171 (60.0%)

ECOG PS, Eastern Cooperative Oncology Group performance status; NSCLC, non-small cell lung cancer; LN, lymph nodes; EGFR, epidermal
growth factor receptor; TKI, tyrosine kinase inhibitor; SEM: standard error of the mean
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Table 2. Overall Survival of Patients with Various Distant Metastases Compared to Patients with Only Intra-thoracic Metastasis (M1a)

Site of metastasis

Compared to patients with only intra-thoracic metastasis (M1a)

mOS (mo) HR p alue
(lower upper )

Mla 35.4 (ref)
intra-abdominal 17.5 2.894 2.051 4.082 <0.0001
liver 21.7 2.837 1.765 4.561 <0.0001
adrenal/renal 14.3 5.646 3.309 9.633 <0.0001
abdominal LNs/spleen 23.7 2.317 1.307 4.107 0.0040
brain 24.1 1.841 1.360 2.492 0.0005
bone 20.9 2.047 1.567 2.675 <0.0001

MIla: TNM, Mla; mOS: median overall survival; mo: months; HR: hazard ratio; CI: confidence interval; LNs: lymph nodes

was defined as intra-thoracic metastasis, and
included lung-to-lung and pleural/pericardial
metastasis. Compared to stage Mla patients,
patients with brain and bone metastasis, re-
spectively, had poorer OS (HR: 1.841, 95%
CI: 1.360 ~ 2.492, p = 0.0005; HR: 2.047, 95%
CI: 1.567 ~ 2.675, p < 0.0001) (Table 2). Pa-
tients with intra-abdominal metastasis also had
poorer OS (HR: 2.894, 95% CI: 2.051 ~ 4.082,
p < 0.0001) and a relatively higher HR (Table
2), implying that intra-abdominal metastasis is
a poor prognostic factor. Among the different
types of intra-abdominal metastasis, adrenal/
renal metastasis was associated with an even
higher HR, suggesting that, among those with
intra-abdominal metastasis, EGFR-mutated pa-
tients with adrenal/renal metastasis had a worse
prognosis (Table 2).

Univariate and multivariate Cox regression
analyses were also performed. Adrenal/renal
metastasis was indeed identified as an indepen-
dent unfavorable prognostic factor (Supplemen-
tal Table 1). In addition to adrenal/renal metas-
tasis, bone metastasis was also associated with
a poor prognosis.

In patients with intra-abdominal involve-
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ment, the incidence of an exon 19 deletion and
an exon 21 L858R mutation was 44.9% and
50.0%, respectively. There was no significant
difference in OS (median, 21.3 months vs. 15.3
months; p = 0.20) and PFS (median, 9.6 months
vs. 9.85 months; p = 0.720) between these 2
groups (Fig. 2). Further analysis of the response
to first-line EGFR-TKIs treatment showed
no significant difference in OS (median, 13.5
months vs. 20.9 months; p = 0.320) and PFS
(median, 8.4 months vs. 9.9 months; p = 0.989)
between first-generation and second-generation
treatment, with usage proportions of 33.6% and
66.3%, respectively (Fig. 3). Subsequent tis-
sue and/or liquid biopsies were performed for
the 169 patients upon disease progression after
Ist-line treatment, and the acquired T790M
mutation positivity rates in patients with and
without intra-abdominal metastasis were 42.9%
and 52.2%, respectively ( p = 0.348) (Table
3). Eleven of the patients who developed the
T790M mutation received osimertinib as sec-
ond-line TKI treatment, with their OS (median,
21.3 months) and PFS (median, 14.5 months)
presented in Fig. 4.
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Supplemental Table 1. Univariate and Multivariate Analysis for Overall Survival

Univariate analysis

Multivariate analysis

Variable
HR 95% CI p value HR 95% CI p value
Age
=65 1.002  0.7970 ~1.260  0.985
Sex
Female 1.238 09776 ~1.568  0.077
ECOG PS
2~4 2.691 1.999 ~3.622  <0.001 2417 1.745 ~3.348  <0.001
Smoking status
Current/ex-smoker 0.983 0.736 ~ 1.313 0.908
Histology
Adenosquamous 1.716 0.911 ~3.229 0.094
NSCLC, others 3.484 1.718 ~ 7.066 0.001 2.195 1.021 ~4.719 0.044
Metastasis
M1b 1.627 1.109 ~ 2.387 0.013 1.239  0.787~1.950 0.355
Mic 2.031 1.527~2.702 < 0.001 1.123  0.689 ~ 1.831 0.641
Metastasis
with lung/pleura/pericardia 0.932  0.724~1.1.99 0.582
with bone 1.771 1.406 ~2.231 <0.001 1.549 1.090 ~ 2.202 0.015
with brain 1.260  0.992 ~1.599 0.058
with liver 1.592 1.138 ~2.227 0.007 1.459  0.989 ~2.154 0.057
with adrenal/renal 1.493 1.777~3.498  <0.001 2.474 1.718 ~3.562 < 0.001
with abdominal LNs/spleen 1.290  0.849 ~1.961 0.223
EGFR mutation
Exon 19 deletion 0.643  0.505~0.820 <0.001 0.718  0.555~0.928 0.011
Uncommon 1.416  0.926 ~2.165 0.108 1.783 1.142 ~2.782 0.011

First-line EGFR-TKI
Erlotinib 1.124 0.777 ~ 1.626 0.534
Afatinib 0.877 0.636 ~1.211 0.426

HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR-TKI, epidermal growth fac-

tor receptor-tyrosine kinase inhibitor; LNs, lymph nodes.
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Fig. 2. OS (A) and PFS (B) in EGFR-mutated NSCLC patients with an exon 19 deletion or L858R mutation. CI: confidence interval; EGFR:

epidermal growth factor receptor; NSCLC: non-small cell lung cancer; OS: overall survival; PFS: progression-free survival.

Table 3. Frequency of Acquired T790M Mutation in Patients with and Without Intra-abdominal Metastasis

With intra-abdominal

Without intra-abdominal

Acquired T790M metastasis metastasis p value
(n = 98) (n = 285)
T790M detected 35 134
T790M positive 15 70
T790M negative 20 64
T790M not detected 63 151
T790M positive % 42.9% 52.2% 0.348
*T790M positive %: No. of T790M positive cases / No. of T790M detected cases x 100%
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Fig. 3. OS (A) and PFS (B) in EGFR-mutated NSCLC patients treated with a first-generation or second-generation EGFR-TKI as 1*-line treatment.
CI: confidence interval; EGFR: epidermal growth factor receptor; NSCLC: non-small cell lung cancer; 1G: first generation; 2G: second generation;

TKI: tyrosine kinase inhibitor; OS: overall survival; PFS: progression-free survival.
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Fig. 4. OS (A) and PFS (B) in NSCLC patients with an EGFR mutation and intra-abdominal metastasis treated with 2nd and later-line osimertinib.
CI: confidence interval; EGFR: epidermal growth factor receptor; NSCLC: non-small cell lung cancer; OS: overall survival; PFS: progression-free

survival.

Discussion

Given the significant overlap in the vascu-
lar and lymphatic systems of the liver, adrenal
glands, and intra-abdominal lymph nodes,
as well as their anatomical proximity within
the abdominal cavity, we proposed analyzing
metastases to these areas as a distinct group.
Our findings revealed that intra-abdominal
metastasis in EGFR-mutated NSCLC patients
was significantly associated with shorter OS,
compared to patients without intra-abdominal
metastasis. In the subgroup of patients of intra-
abdominal metastasis, no significant differences
in OS or PFS were observed between patients
with different EGFR mutations or between pa-
tients treated with first-generation or second-
generation EGFR TKIs.

Studies have shown that patients with
EGFR mutations are more likely to develop
distant metastasis, including to the brain, bone
and liver [8, 10]. Additionally, NSCLC patients
with distant metastasis are often linked to poor

outcomes [11-13], a pattern confirmed in our
analysis. Compared to stage M 1a patients, those
with intra-abdominal metastasis had shorter OS
and a higher HR (median, 17.5 months vs. 35.4
months; HR: 2.894, 95% CI: 2.051 ~ 4.082, p <
0.0001), indicating that intra-abdominal metas-
tasis may be an unfavorable prognostic marker.
In our study population, those patients with
intra-abdominal metastasis were more likely to
have stage M1c disease, along with brain and
bone metastasis, and less likely to have stage
MIb or intra-thoracic metastasis. This sug-
gested that EGFR-mutated patients with intra-
abdominal metastasis tended to develop more
widespread distant metastases, which may
partly explain the association between intra-
abdominal metastasis and poorer OS.

Little is known of post-adrenal/renal
metastasis survival in EGFR-mutated patients
treated with an EGFR-TKI. A retrospective
study reported that 6% of EGFR-mutated
NSCLC patients had adrenal/renal metastasis, a
lower tendency than in patients with wild-type
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EGFR (23%) [14]. Poor outcome was described
with a median survival of 11 months [15]. In
our study, 11% of patients had adrenal/renal
metastasis, with OS and PFS of 13.4 and 8.75
months, respectively; both of these were shorter
than in those without adrenal/renal metastasis.
Multivariate Cox regression analysis also iden-
tified adrenal/renal metastasis as a poor prog-
nostic factor. Some studies attempted to reverse
this unfavorable prognosis through surgical
resection. For instance, Buero, ef al. suggested
that adrenalectomy in patients with isolated
adrenal gland metastasis may improve survival
outcomes [16].

The liver is a common site of metastasis in
NSCLC patients, with several studies reporting
an incidence of liver metastasis ranging from
14% to 17% [5, 13]. Furthermore, it has been
reported that NSCLC patients with EGFR mu-
tations are more prone to developing liver me-
tastasis [14]. In our subgroup analysis, 12.3%
of patients had liver metastasis, a lower propor-
tion than that reported in other studies. Howev-
er, our study included patients with metastatic
EGFR-mutated NSCLC exclusively, thereby
limiting direct comparisons with patients with-
out these mutations. This discrepancy also may
be attributed to ethnic differences between the
2 study populations (white vs. Asian). Previous
studies found that patients with liver metasta-
sis had significantly poorer OS [4]. However,
with treatment with EGFR-TKIs, the previously
discouraging prognosis has undergone changes
[9]. In our study, the OS and PFS of metastatic
NSCLC patients with an EGFR mutation were
consistent with previous findings [9], reflecting
our structured treatment strategies and robust
hospital support system.

Previous studies have shown that EGFR
mutation status influences survival rates [7, 17].

Thorac Med 2025. Vol. 40 No. 3

Another study found that when the incidence
rates of exon 19 deletions and L858R are com-
parable, exon 19 deletions are associated with
better survival rates [18]. Our study similarly
found comparable rates of L§58R and exon
19 deletions, with a trend toward improved
survival for patients with exon 19 deletions,
although statistical significance may not always
be achieved.

In the Lux-Lung 7 trial, afatinib significant-
ly improved median PFS [19], but no signifi-
cant difference in OS was observed compared
to first-generation EGFR-TKI [20]. However,
in our study, no significant differences in PFS
or OS were observed between afatinib and first-
generation EGFR-TKIs in patients with intra-
abdominal metastasis. Given the retrospective
nature of this study, the finding that PFS was
closely aligned with time-to-treatment failure
(TTF) in clinical practice may account for the
discrepancies in the data.

The T790M mutation serves as a robust
prognostic and predictive biomarker, indicat-
ing the greater efficacy of osimertinib [21],
which is associated with significantly higher
response rates, as well as extended PFS and
OS in patients harboring this mutation [22]. In
EGFR-mutated NSCLC-patients, the incidence
of a T790M mutation in sequential biopsies
has been reported to be around 50% [23], with
a shorter OS observed in T790M-negative pa-
tients [23]. Though our cohort showed a shorter
OS in patients with intra-abdominal metasta-
sis, the incidence of acquired T790M mutation
was 42.9% in 35 patients, with no significant
difference compared to those without intra-ab-
dominal metastasis (42.9% vs 52.2%, p=0.348).
Osimertinib treatment in our study resulted in a
median PFS and OS of 6.7 and 33.2 months, re-
spectively, consistent with the results from the
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AURA trials [24-25].

This study has several limitations. The
primary limitation is its retrospective nature,
which may have introduced selection bias. Sec-
ond, the administration of sequential treatment
could have influenced survival outcomes. Third,
as osimertinib was not reimbursed as a first-
line treatment prior to 2020, no patients in this
study received osimertinib as a first-line ther-
apy, creating a potential discrepancy between
our results and current clinical practices. The
poor prognosis indicates that further therapeutic
studies for patients with intra-abdominal metas-
tasis are urgently needed.

Conclusion

In summary, our study revealed an as-
sociation between intra-abdominal metastasis
and poor survival outcome in EGFR-mutated
NSCLC patients. Among patients with intra-
abdominal metastasis, those with adrenal/renal
metastasis exhibited the worst outcomes. The
poor prognosis indicates that further therapeutic
studies for patients with intra-abdominal metas-
tasis are urgently needed.
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bacterial infection caused by filamentous Gram-
positive, non-acid-fast, anaerobic-to-micro-

Clinical Features of Thoracic Actinomycosis: Experience
with 16 Cases at a Regional Hospital in Southern Taiwan

Wen-Ren Lin", Hui-Yuan Hsiao?, Kuo-An Chu'?, Shoa-Lin Lin?

Background: Thoracic actinomycosis is a rare bacterial infection. This study aimed to
enhance clinicians’ knowledge of this rare condition in clinical practice.

Materials and Methods: We retrospectively analyzed 16 patients with histopathologically
confirmed thoracic actinomycosis treated between 1995 and 2012.

Results: Almost all patients had a cough (87.5%, 14/16) with hemoptysis (75%,
12/16) or sputum (56.3%, 9/16). The radiographic picture included a speripheral mass or
consolidation (68.8%, 11/16), pleuritis with or without effusion (43.8%, 7/16), and mediastinal
lymphadenopathy (37.5%, 6/16). Five out of the 16 (31.3%) patients were diagnosed non-
surgically, received medical therapy alone, and had excellent outcomes. Two patients
exhibited endobronchial involvement associated with foreign bodies. All 16 patients
responded well to penicillin, followed by ampicillin (8/16), amoxicillin (3/16), clindamycin (1/16),
minocycline (2/16), erythromycin (1/16), or no antibiotic treatment (1/16). The patients??? had
a good prognosis with no relapse.

Conclusion: Foreign body-induced endobronchial infection responded favorably to
foreign body removal and a short course of antibiotics. Medical therapy alone is often
sufficient for a cure. When encountering this condition, the pulmonologist should consider the
probability of actinomycosis, then diagnose the condition least invasively, thereby avoiding
unwarranted surgery. (Thorac Med 2025; 40: 213-221)

Key words: actinomycosis; bronchoscopy; pathology; pulmonary; thoracic disease; treatment
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Introduction aerophilic bacteria, and is characterized by
contiguous spread, suppurative granulomatous
Actinomycosis is a subacute-to-chronic inflammation, or multiple abscess formation.

Thoracic actinomycosis accounts for 15-20%
of all actinomycosis cases [1-2]. Aspiration
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of oropharyngeal secretions containing actino-
mycetes is the usual mechanism of infection.
However, thoracic actinomycosis occasionally
results from the introduction of organisms via
esophageal perforation, direct spread from an
actinomycotic process of the neck or abdomen,
or hematogenous spread from a distant lesion [3].
Thoracic actinomycosis commonly presents as
a pulmonary infiltrate or mass, which, if left un-
treated, can spread to the pleura, pericardium, and
chest wall, ultimately leading to the generation
of sinuses that discharge sulfur granules [2, 4].

Owing to its chronic development, chest
radiographic presentations, and nonspecific
laboratory findings, thoracic actinomycosis has
often been misdiagnosed as a neoplasm or tu-
berculosis (TB) [1]. Pulmonary actinomycosis
currently is a rare condition -- a previous report
found only 4 cases of histologically diagnosed
pulmonary actinomycosis over 15 years in a
large 1,100-bed teaching hospital in Notting-
ham, UK [1]. This retrospective study describes
the clinical features of thoracic actinomycosis
in 16 patients that presented over a 17-year pe-
riod at a tertiary teaching hospital in southern
Taiwan.

Materials and Methods

We identified adult patients diagnosed with

Table 1. Diagnostic Method

thoracic actinomycosis at Kaohsiung Veterans
General Hospital between November 1995 and
April 2012, and included those who fulfilled the
following inclusion criteria in this retrospective
study: (1) Pulmonary parenchymal abnormali-
ties on computed tomography (CT). (2) Histo-
pathological identification of actinomycosis in
tissues obtained by lung resection, bronchial bi-
opsy, or transthoracic lung biopsy. All patients
had pathologically confirmed Actinomyces
infection based on histopathological findings
of sulfur granules or Grocott-Gomori methena-
mine silver stain-positive branching filamentous
organisms. Specimens were obtained using sur-
gical biopsy, bronchoscopic protective sheath
brushing, or percutaneous fine-needle core bi-
opsy.

The exclusion criteria were age < 18 years,
medical records without sufficient data, and a
previous diagnosis of actinomycosis before ad-
mission.

The requirement for written informed
consent was waived due to the retrospective
nature of the study, and the data were analyzed
anonymously. This study was approved by the
Institutional Review Board of Yuan’s General
Hospital (protocol number 20221107 B).

The medical charts, including information
regarding age, sex, presenting symptoms, co-
morbidities, Table 1 diagnostic methods, thera-

Number (%)
Pathology 14 (87.5)
Cytology 2(13.3)
Bronchoscopy 4 (26.6)
CT-guided biopsy 1 (6.6)
Chest wall biopsy 1 (6.6)
Surgical lung biopsy 10 (62.5)
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peutic modalities, duration of intravenous or
oral antibiotic treatment, and clinical outcomes
of all 16 patients included in this study, were
reviewed. We also examined the study partici-
pants’ initial and follow-up chest radiographs
and chest CT scans, and considered lymph
nodes greater than 1 c¢cm in transverse diameter
on CT images as enlarged. Chest X-ray features
were categorized as non-segmental pneumonia-
like infiltration, mass-like consolidation, ab-
scess formation, cavitation, pleural effusion or
thickening, atelectasis, and chest wall extension
based on the predominant features [5]. Clinical
cure was defined as the resolution of clinical
symptoms and the disappearance or reduction
of residual scarring of the primary lesion on the
pulmonary image. All patients were stable and
without recurrence at the 3-year follow-up.

Results

The 16 patients with thoracic actinomyco-
sis included 12 men and 4 women. The mean
patient age was 51 years (range: 24—73 years).
Table 2 presents detailed information regard-
ing the clinical features of the patients. Eight
patients had a history of smoking, and 4 had an
underlying pulmonary comorbidity, including
3 with bronchiectasis and 1 with chronic ob-
structive pulmonary disease (COPD). The most
common underlying conditions were poor oral
hygiene, affecting 9 patients (56.3%), and dia-
betes mellitus, affecting 6 patients (37.5%). One
patient (6.3%) had psoriasis with an underlying
immunosuppressive disease and was receiving
corticosteroid therapy.

Cough, hemoptysis, and productive sputum
were the 3 most common symptoms, and the
duration of these symptoms in all 16 patients
was 5.6 months. Only 5 patients presented with

fever (5/16, 31%). The mean values of serum
C-reactive protein and white blood cell counts
were 22.8 mg/dl and 12.1 x 109/L, respectively.
The most common suspected diagnosis was
pulmonary malignancy (50%), followed by TB
(25%) and pneumonia or pneumonitis (12.5%).
Table 3 presents data on the chest X-rays and
CT images of all patients. The most common
radiographic finding was peripheral consoli-
dation or mass (68.8%) (Fig. 1). Most lesions
showed a mid-zone predilection (56.3%), and 7
patients’ lesions (43.8%) were in the right lobe.
Mediastinal or hilar lymph node enlargement
and pleural invasion were noted in 6 (37.5%)
and 7 (43.8%) patients, respectively. Chest wall
destruction was present in 3 patients (18.8%);
however, severe complications such as empy-
ema, chest wall sinus fistula, pericarditis, or
mediastinitis did not occur in our cases.

All 16 patients were initially misdiagnosed.
Lung cancer was the most common initial di-
agnosis, noted in 8 (50%) patients, followed by
pulmonary TB in 4 (25%). Other misdiagnoses
include organizing pneumonia, pneumonitis,
atelectasis, and abscesses. The sputum cultures
tested negative for actinomycosis.

Actinomycosis was histopathologically con-
firmed in all 16 patients, 10 of whom (62.5%)
received wedge resection or lobectomy, and
4 (25%) underwent transbronchial lung bi-
opsy and/or brushing. CT-guided transthoracic
cutting-needle core biopsy was successful in
1 patient (6.3%), and needle aspiration biopsy
of the chest wall in another patient (6.3%). All
patients had histopathological findings of sulfur
granules or Grocott-Gomori methenamine silver
stain-positive branching filamentous organisms.

Four of the 11 patients who underwent
bronchoscopic examination had a confirmed di-
agnosis. Seven patients exhibited signs of bron-
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Table 2. Clinical Features of the 16 Patients with Confirmed Thoracic Actinomycosis

Number (%)

Male sex 12 (75)
Age (years) 51 [24-73]
Body mass index (kg/m?) 21.7[19-30.2]
History of smoking 8 (50)
Dental status

Carious 9(56.2)

Normal 4 (25.0)

Not known 3(18.7)
Laboratory values

C-reactive protein (mg/dl) 22.8 [3.6-30]

White blood count (cells x10°/L)
Underlying disease
Diabetes mellitus
Viral hepatitis (HBV or HCV)
Alcohol abuse
Bronchiectasis
Malignancy
COPD
Steroid use
None
Symptoms
Respiratory
Cough
Hemoptysis
Productive sputum
Chest pain
Located swelling of chest wall
Dyspnea
Systemic
Fever
Weight loss

Duration of symptoms (months)

Suspected diagnosis for hospitalization

Malignancy
Tuberculosis
Pneumonia/pneumonitis
Atelectasis

Abscess

12.1[8.3-23.5]

6 (37.5)
4 (25.0)
3(18.7)
3(18.7)
1(6.2)
1(62)
1(6.2)
5(31.2)

14 (87.5)
12 (75)
9 (56.2)
6 (37.5)
4(25.0)
3(18.7)

5(31.2)
4(25.0)
5.6 (0.6-18)

8 (50.0)
4(25.0)
2(12.5)
1(62)
1(6.2)

Note: the [brackets] above are used to indicate the range of each variable.
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Table 3. Image Findings of the 16 Cases of Thoracic Actinomycosis

Number (%)
Site of lesions
Right 7 (43.8)
Left 5(31.2)
Bilateral/Multifocal 4 (25.0)
Upper zone 1(6.2)
Mid zone 9 (56.3)
Lower zone 7 (43.7)
Radiographic features
Peripheral mass/consolidation 11 (68.7)
Pleuritis 7 (43.8)
Mediastinal lymphadenopathy 6 (37.5)
Central mass with atelectasis 51.2)
Abscess/infected cavity 4 (25.0)
Chest wall invasion 3 (18.8)
Bronchiectasis 1(6.2)

Fig. 1. Different manifestations of pulmonary actinomycosis on chest

computed tomography. (A) A 78y/o female presented at our hospital
with chronic cough and generalized weakness. Lung cancer was
suspected initially. Consolidation of the right middle lobe with central
necrosis in the right lower lobe anterior basal segment was seen in 1
patient, and (B) central low attenuation was noted with a mediastinal
window setting; (C) A 38 y/o male presented with productive cough for
several months. Multiple ill-defined irregular nodular lesions at both
lungs were seen on computed tomography; (D) A 51 y/o male presented
with dry cough for several months. A soft tissue lesion with post-
contrast homogeneous enhancement was seen in the left upper lobe.

chial inflammation, such as swelling-related
luminal narrowing, easy contact bleeding, whit-
ish secretions, and granulation tissues; findings
were unremarkable in the other 4 patients. Of
the 2 cases with endobronchial foreign bodies,
1 was confirmed to be a fishbone at the right
lower lobe bronchus, and the other, an incisor at
the left lower lobe bronchus. In both cases, the
foreign body obstructed the bronchi and granu-
lation tissue.

Empiric antibiotics were administered af-
ter confirming the pulmonary actinomycosis
diagnosis. Of the several antibiotics used to
treat pulmonary actinomycosis, ampicillin was
most commonly used (8 patients), followed
by penicillin G (6 patients), amoxicillin (3
patients), and minocycline (2 patients). Other
antibiotics were occasionally used, including
clindamycin and erythromycin (1 patient each).

Thorac Med 2025. Vol. 40 No. 3
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After diagnosing actinomycosis, we initiated
intravenous antibiotic treatment followed by
oral antibiotics. The mean duration of treatment
with intravenous and oral antibiotics was 15.6
days (range: 7-28 days) and 129.7 days (range:
21-308 days), respectively. However, 1 of the
16 patients did not receive antibiotics, and cura-
tive treatment included bronchoscopic removal
of the endobronchial foreign body and surgical
lobectomy. During follow-up periods ranging
from 1 month to 3 years, all patients had docu-
mented clinical and radiological remission at
the end of therapy.

Discussion

In this study, we analyzed 16 patients with
histopathologically confirmed thoracic actino-
mycosis. Our goal was to assist clinicians in
promptly and accurately diagnosing thoracic
actinomycosis to avoid unnecessary surgical in-
terventions.

Although actinomycosis affects individuals
of all ages, previous case series indicate a peak
incidence during middle age, and males are 3
times more frequently infected than females
[1, 6-8]. Our study revealed that the highest
incidence occurred during the 4th and Sth de-
cades of life, with a male-to-female [[ratio of
3:1]], consistent with previous reports [1, 6-8].
A foreign body was found and extracted using
bronchoscopy in 2 patients older than 70 years
with a history of frequent choking. The young-
est patient was aged 24 years and had a history
of heavy alcohol consumption.

Actinomyces commonly inhabit the oro-
pharynx, and pulmonary infection typically
results from aspiration of oropharyngeal secre-
tions containing these bacteria. Recognized risk
factors include poor oropharyngeal or dental

Thorac Med 2025. Vol. 40 No. 3

hygiene, alcoholism, and advanced age with
dysphagia. Another risk factor is the presence
of devitalized lung tissue due to an underlying
chronic lung disease. According to our data, 9
patients (56.2%) had carious teeth with or with-
out poor oral hygiene, and 3 patients (18.8%)
were alcohol abusers. Furthermore, pre-existing
pulmonary comorbidity was noted in 4 cases
(25%), including 1 case of COPD and 3 cases
of bronchiectasis. Eight patients (50%) were
current or former smokers, which was a lower
percentage compared to rates reported in other
series (61-70%) [6-8]. In addition, 6 of our pa-
tients (37.5%) had diabetes mellitus, which was
also a considerable factor in some other series
[6, 9]. Furthermore, all case series on pulmo-
nary actinomycosis reported either a remarkable
absence or a low proportion of immunocompro-
mised patients. While most of our patients were
immunocompetent, 1 patient, who received oral
corticosteroids for psoriasis maintenance, was
relatively immunocompromised. More than
one-quarter of our patients had chronic hepatitis
B or C, a comorbidity never mentioned in other
studies, the significance of which remains un-
clear and warrants further investigation.

The symptoms of thoracic actinomycosis
are nonspecific and include a variety of pulmo-
nary and systemic complaints that often mimic
the features of neoplastic diseases or TB. In a
recent series, the predominant symptoms in-
cluded cough, sputum, hemoptysis, chest pain,
weight loss, and fever. Systemic complaints de-
veloped in 20-26% of patients. Chest pain was
more frequently seen in the European series,
while hemoptysis was more common in the
Asian series [10]. Our study revealed a high in-
cidence of hemoptysis (75%), even higher than
that of productive sputum (62.5%). Tenderness
and chest wall edema were found in 6 (37.5%)
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and 4 (25%) patients, respectively, reflecting
varying clinical presentations in different re-
gions. Given the chronic nature of this infec-
tion, its nonspecific presentation, and the regu-
lar suspicion of alternative lung disease at first
presentation, the symptom duration lasted up
to 72 months before diagnosis in a recent case
series, with a mean duration of 10 months [11].
In another European report, the mean duration
of illness before a definitive diagnosis was ap-
proximately 6 months [1]. The mean symptom
duration in this study was 5.6 months, consis-
tent with previous reports [1, 11]. Several fac-
tors, including chronic infection characteristics,
nonspecific symptoms, and lack of recognition
by general physicians, may have extended the
duration from initial symptom onset to the ulti-
mate diagnosis of thoracic actinomycosis. Ad-
ditionally, patients in southern Taiwan tend to
be more concerned about invasive examination
procedures, so this could delay the diagnosis.
Chest CT is essential for better differentia-
tion and planning of invasive diagnostic proce-
dures. CT scans may reveal necrotic low-den-
sity areas within parenchymal consolidations,
adjacent pleural thickening, and mediastinal
lymph node enlargement in up to 50% of cases
[10, 13, 15]. Our study highlighted right-side
parenchymal consolidation or masses, pleurisy,
and mediastinal lymphadenopathy as predomi-
nant radiological features. A central mass with
atelectasis was noted in 5 patients following
bronchoscopy, confirming endobronchial in-
volvement, and included stenosis, swelling, and
a foreign body. Diagnostic confirmation of tho-
racic actinomycosis typically relies on a com-
bination of risk factors, including compatible
clinical and radiological presentations, detection
of sulfur granules in infected tissue, and micro-
biological confirmation through tissue culture.

However, cultures may yield negative results in
most cases because of empirical antimicrobial
pre-treatment, associated bacterial overgrowth,
and the fastidious nature of actinomycetes [,
10]. Diagnostic confirmation is often achieved
in clinical practice through a typical histopatho-
logical picture, including sulfur granules in
infected tissues [10, 16]. All patients were diag-
nosed based on these histopathological features
and achieved complete remission after adequate
management.

Invasive procedures are required to obtain
adequate samples for microbiological and his-
tological analysis. As observed in our study,
frequent suspicion of a pulmonary malignancy
often leads to diagnostic surgical procedures.
However, with the increasing availability of
less invasive options, such as image-guided
transthoracic needle biopsy or bronchoscopic
techniques, the frequency of the use of surgical
procedures for diagnostic confirmation has been
reduced, based on data from many recently pub-
lished series [10, 17]. Given that effective anti-
biotic treatment is associated with a favorable
prognosis, even in complicated cases, a diag-
nostic strategy that avoids surgery may prevent
considerable morbidity, discomfort, cost, and
diagnostic delay [10]. In our study, 6 patients
(37.5%) who underwent non-surgical diagnostic
intervention received optimal medical treatment
and achieved outcomes as favorable as those of
the surgical group.

Antibiotic treatment is highly effective for
thoracic actinomycosis, especially when di-
agnosed early. Penicillin remains the drug of
choice, with 20-30 million units per day admin-
istered for the first 2-6 weeks, followed by a
prolonged period of oral therapy with penicillin
V. Although penicillin allergy is a crucial limita-
tion, doxycycline, macrolides, and clindamycin
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have been successfully used as alternatives [7,
15]. Recent reviews recommend a total duration
of 612 months of antibiotic therapy [1, 18].
However, accumulating evidence suggests that
individualized shorter courses (< 6 months) of
treatment are associated with good clinical out-
comes [6]. In our study, 7 patients were treated
for less than 4 months, 11 underwent surgical
resection, and 2 underwent endobronchial for-
eign body extraction. Important factors to con-
sider are radiographic evidence of reduction of
the primary lesion within the first 2-3 months of
treatment and the duration of symptoms before
diagnosis. Intensive clinical follow-up after the
end of treatment, especially in patients treated
for a short period (< 3 months) and those with a
complicated disease presentation, is crucial for
detecting possible disease recurrence or local
complications [10].

Endobronchial actinomycosis is a rare type
of thoracic actinomycosis associated with bron-
chiolitis, TB, or a foreign body [7-8]. In the
bronchoscopic exam, it presents as a necrotic,
whitish, or yellowish endobronchial mass or ir-
regular granular thickening mimicking a tumor.
Granulomatous processes can cause airway nar-
rowing or complete bronchial obstruction [16].
In the present study, 2 patients had endobron-
chial actinomycosis associated with a foreign
body, and after removing the causative foreign
body, 1 month of antibiotic treatment led to a
clinical and radiological cure. Umeki and Maki
reported successful resolution of foreign body-
induced endobronchial actinomycosis within
less than 1 month of penicillin G administration
in combination with bronchoscopic removal of
the foreign body [7]. Bronchoscopy is an es-
sential tool for diagnosis and treatment, and in
the absence of a foreign body, most cases of
endobronchial actinomycosis can be cured with
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antibiotics [7, 16, 18].

All patients achieved clinical and radiologi-
cal cures without therapeutic surgery. Thoracic
actinomycosis is a medical condition in which
antibiotic therapy often leads to complete re-
covery. Thus, primary surgical intervention
should be reserved for patients who develop
complications such as massive hemoptysis or
empyema, those who do not respond well to
medical treatment, or those for whom a medical
diagnosis cannot be established [10, 13].

Conclusion

Early diagnosis may prevent critical com-
plications and unnecessary surgery. Bronchos-
copy plays a crucial role in the diagnosis of
suspected endobronchial lesions. High-dose and
long-term (6- to 12-month) penicillin or amoxi-
cillin treatment remains the therapy of choice.
However, the duration of antibiotic treatment
can be individualized according to the resolu-
tion of symptoms and radiological lesions. Pul-
monary actinomycosis is a rare bacterial infec-
tion often misdiagnosed as lung cancer or pul-
monary TB. The definitive diagnosis depends
on the pathology; sulfur granules are suggestive
but not specific. Penicillin G was used as a stan-
dard treatment. However, the optimal antibiotic
treatment duration requires further investiga-
tion.

References

1.Mabeza GF, Macfarlane J. Pulmonary actinomycosis.
Eur Respir J 2003; 21(3): 545-51.

2.Hsieh MJ, Liu HP, Chang JP, et al. Thoracic
actinomycosis. Chest 1993; 104(2): 366-70.

3. Apothéloz C, Regamey C. Disseminated infection due to
Actinomyces meyeri: case report and review. Clin Infect
Dis 1996; 22(4):621-5.



Clinical Features of Thoracic Actinomycosis 221

4. Webb WR, Sage SS. Actinomycosis involving the chest
wall: CT findings. Am J Roentgenol 1982; 139(5): 1007-
9.

5.Poey C, Giron J, Verhaegen F, et al. X-ray computed
tomographic and radiographic aspects of thoracic
actinomycosis. J Radiol 1996; 77(3): 177-83.

6. Wong VK, Turmezei TD, Weston VC. Actinomycosis.
BMIJ 2011; 343: d6099.

7.Maki K, Shingawa N, Nasuhara Y, et al. Endobronchial
actinomycosis associated with a foreign body--successful
short-term treatment with antibiotics. Intern Med 2010;
49(13): 1293-6.

8. Bergthorsdottir R, Benediktsdottir KB, Thorsteinsson
SB, et al. Endobronchial actinomycosis secondary to a
tooth aspiration. Scand J Infect Dis 2004; 36(5): 384-6.

9.Brown JR. Human actinomycosis. A study of 181
subjects. Hum Pathol 1973; 4(3): 319-30.

10.Rohde G, Subotic D. eds. Complex Pleuropulmonary
Infections: European Respiratory Monograph. 2013:
European Respiratory Society.

11. Sun XF, Wang P, Liu HR, et al. A retrospective study of
pulmonary actinomycosis in a single institution in China.
Chin Med J (Engl) 2015; 128(12): 1607-10.

12.Kim SR, Jung LY, Oh In-Jae, ef al. Pulmonary
actinomycosis during the first decade of 21st century:
cases of 94 patients. BMC Infect Dis 2013; 13: 216.

13.Song JU, Park HY, Jeon K, et al. Treatment of thoracic
actinomycosis: a retrospective analysis of 40 patients.
Ann Thorac Med 2010; 5(2): 80-5.

14. Valour F, Senechal A, Dupieux C, ef al. Actinomycosis:
etiology, clinical features, diagnosis, treatment, and
management. Infect Drug Resist 2014; 7:183-97.

15.Han, JY, Lee KN, Lee JK, ef al. An overview of thoracic
actinomycosis: CT features. Insights Imaging 2013; 4(2):
p. 245-52.

16. Chouabe S, Perdu D, Deslee G, et al. Endobronchial
actinomycosis associated with foreign body: four cases
and a review of the literature. Chest 2002; 121(6): 2069-
72.

17.Kolditz M, Bickhardt J, Matthiessen W, et al. Medical
management of pulmonary actinomycosis: data from 49
consecutive cases. J Antimicrob Chemother 2009; 63(4):
839-41.

18. Dujneungkunakorn T, Riantawan P, Tungsagunwattana
S. Pulmonary actinomycosis: a study of 16 cases from
Central Chest Hospital. ] Med Assoc Thai 1999; 82(6):
531-5.

Thorac Med 2025. Vol. 40 No. 3



222

Subclavian Artery Aneurysm Mimicking a Lung Mass:
A Case Report and Literature Review

Yu-Ting Lin", Shan-Yao Yang?, I-Ming Chen®*, Chia-I Shen**

Subclavian artery aneurysm is a rare vascular disorder that can mimic lung masses in
imaging studies, often leading to diagnostic challenges. We reported the case of a 70-year-
old man who presented with hemoptysis and progressive left-side chest pain. Initial imaging
without contrast suggested a left upper lobe lung mass with mediastinal invasion. Despite
multiple diagnostic attempts, no malignancy was identified. Further evaluation with Doppler
ultrasound and contrast-enhanced computed tomography revealed a left subclavian
artery aneurysm, with a characteristic "yin-yang" sign detected by the Doppler ultrasound.
The patient underwent successful endovascular stent placement and showed clinical
improvement. In this case report, we reviewed the possible presentation, diagnostic approach,
and management strategies of this rare disease. We also highlighted how multi-modality
imaging techniques—such as ultrasonography—can offer enhanced diagnostic value. (Thorac

Med 2025; 40: 222-228)

Key words: Subclavian artery aneurysm, yin-yang sign

Introduction

Subclavian artery aneurysms are an uncom-
mon subtype of arterial aneurysms [1]. They are
more frequently diagnosed in older males and
may arise from various causes, including ath-
erosclerosis, trauma, or infection [2-3]. Subcla-
vian artery aneurysms can mimic thoracic ma-
lignancies clinically and radiologically, particu-
larly when appearing as mass-like lesions on

chest radiographs or computed tomography (CT)
scans. Here, we report the case of a subclavian
artery aneurysm initially mistaken for a lung
malignancy. The case highlights the importance
of considering vascular anomalies in the dif-
ferential diagnosis of mediastinal or pulmonary
masses and emphasizes the role of multimodal
imaging in an accurate diagnosis and manage-
ment.
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Case Presentation

A 70-year-old man presented to our emer-
gency department with hemoptysis lasting for
3 days. He had underlying diseases with es-
sential hypertension, type 2 diabetes mellitus,
and stage 3 chronic kidney disease. During the
previous week, he had also experienced left-
side back pain, loss of appetite, and exertional
dyspnea.

At triage, his vital signs were as follows:
body temperature of 37.7°C, blood pressure
of 167/77 mmHg, heart rate of 106 beats per
minute, and respiratory rate of 22 breaths per
minute. Physical examination revealed a gener-
ally ill appearance, but no abnormal breathing
sounds were detected in the bilateral lung fields.
Initial laboratory tests showed leukocytosis
(15,790/uL, with 94.1% segmented neutrophils)
and an elevated C-reactive protein (CRP) level
(17.94 mg/dL). Additional findings included

&
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elevated creatinine (2.07 mg/dL) and hypona-
tremia (130 mmol/L).

Chest X-ray revealed an opacity at the left
upper lobe (LUL) adjacent to the mediastinum,
with a blunted left costophrenic angle (Fig. 1a).
Subsequent chest CT, without contrast enhance-
ment due to concerns about renal function,
revealed an LUL mass encasing the left sub-
clavian artery and aortic arch, with invasion to
the mediastinum. Left paratracheal mediastinal
lymphadenopathy, bilateral bronchiectasis with
peribronchial infiltration and left-sided pleural
effusion were also revealed (Fig. 2). Under the
impression of lung cancer or lung abscess, the
patient was admitted to the chest medicine ward
for further evaluation.

Empirical antibiotic therapy with ceftri-
axone was administrated initially. Despite the
treatment, the patient continued to experience
low-grade fever and persistent chest and back
pain. Endobronchial ultrasound with transbron-

Fig. 1. Chest X-ray performed at the emergency department (a) and 2 weeks after antibiotics treatment (b), showing an enlarging mass at the apex

of the left upper lobe.
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Fig. 2. A left upper lobe mass-like lesion as seen on the non-contrast chest computed tomography at the emergency department.

chial needle aspiration (EBUS-TBNA) was
performed to biopsy the LUL mass and lymph
nodes at station 7. The pathological finding of
the mass revealed necrotizing inflammation,
and cultures yielded Streptococcus mitis and
Streptococcus oralis. Recurrent fever peaking at
38.9°C was noted 1 day after the procedure, but
it resolved promptly after escalation of the anti-
biotic to levofloxacin. No hemoptysis, increased
oxygen requirement, or other life-threatening
complications occurred after the procedure.
We also attempted a bronchoscopic approach
guided by radial probe EBUS. Mild hemoptysis
with blood-tinged sputum was observed after
the procedure, and was successfully controlled
with inhaled epinephrine. The sputum color
turned brownish the next day. No other com-
plication was noted. However, the radial probe
EBUS-guided bronchoscopic biopsy result was
still not diagnostic.

After 2 weeks of antibiotics treatment, se-
rial chest X-rays showed progressive enlarge-
ment of the LUL opacity accompanied by

Thorac Med 2025. Vol. 40 No. 3

intermittent chest tightness (Fig. 1b). Chest
ultrasound revealed a hypoechoic, mass-like le-
sion at the left first intercostal space of the mid-
clavicular line, which appeared to be attached
to the chest wall. Color Doppler imaging identi-
fied a bidirectional flow overlying the so-called
hypoechoic mass. The to-and-fro flow pattern
was suggestive of the "yin-yang" sign (Fig. 3).
Chest CT with contrast enhancement further
confirmed the presence of an aneurysm with
wall thickening in the left apical lung, likely
arising from the left subclavian artery (Fig. 4).

A cardiovascular surgeon was consulted,
and stent placement was performed at the left
subclavian artery. The intraoperative finding
confirmed a left subclavian artery aneurysm
with a maximum diameter of 7 cm. Antibiotic
therapy was continued for 4 weeks postopera-
tively due to suspected infection of the aneu-
rysm. Follow-up imaging showed regression of
the aneurysm and improvement in the patient’s
clinical condition.



Subclavian Artery Aneurysm Mimicking a Lung Mass 225

Dist A 54.0 mm
Dist B 49.8 mm
| |

©°0

5

R

Fig. 4. Contrast-enhanced computed tomography revealed an aneurysm with wall thickening at the left apical lung, likely arising from the

subclavian artery.

Discussion

Subclavian artery aneurysm is a rare vascu-
lar disease, accounting for 0.13 to 0.5% of all
arterial aneurysms [1]. It is more frequently ob-
served in males, and the mean age at diagnosis
ranges from 50 to 70 years [2, 3] The etiology
of subclavian artery aneurysm is diverse. Infec-
tions such as syphilis, bacteria or tuberculosis
were the primary causes described in early
publications. More recently, thoracic outlet syn-
drome (TOS), atherosclerosis, trauma and iatro-

genic injury have been recognized as common
causes [3]. Less frequently, subclavian artery
aneurysm may be associated with connective
tissue disease, malignancy, coarctation of the
aorta and congenital abnormalities, as reported
in several case studies [4-7].

The symptoms of subclavian artery aneu-
rysm vary widely [3]. Symptoms related to lo-
cal compression of adjacent structures include
chest pain, dyspnea, stridor, dysphagia, and
hoarseness [8, 9]. Neurological symptoms, such
as painful upper extremities or sensory deficits,

Thorac Med 2025. Vol. 40 No. 3
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are also common presentations of a local com-
pressive effect on the brachial plexus [10]. Rup-
ture of the aneurysm may lead to hemoptysis,
hemothorax or mediastinal hematoma, which
can be life-threatening [11-12]. Thrombosis or
embolism, often associated with TOS, can re-
sult in limb ischemia [13]. Constitutional symp-
toms and persistent bacteremia may occur if the
aneurysm is infectious in nature [14]. However,
some patients remain asymptomatic throughout
the entire course of the disease [15].

Diagnosis of subclavian artery aneurysms
can be challenging, as their mass-like appear-
ance may lead to a misdiagnosis of thyroid
goiter, cervical cyst or neoplasm [15-16]. Given
the rarity of this disease, it is often overlooked
in initial evaluations. Chest radiographs typi-
cally reveal a right upper lobe or a LUL mass
lesion, abutting the mediastinum or adhering to
the apical chest wall. However, it can be diffi-
cult to distinguish a subclavian artery aneurysm
from an apical neoplasm based on chest radio-
graphs alone. Ultrasounds can play a valuable
role in differentiating vascular from non-vas-
cular lesions. Reports of ultrasonographic di-
agnosis are rare. Our case presented a “to-and-
fro” pattern, also known as a “yin-yang sign”,
which is a characteristic diagnostic feature of
an aneurysm. Under a B-mode scan, aneurysms
and pseudoaneurysms appear as fusiform or
saccular structures. When pulsed-wave Doppler
is used to scan the aneurysm, a “to-and-fro”
pattern is observed [17]. The bidirectional flow
appears as 2 different colors under color Dop-
pler imaging [18-19].

Among the available imaging modalities,
contrast-enhanced CT or angiography remains
the most important one, offering high diagnos-
tic accuracy and detailed vascular visualization

Thorac Med 2025. Vol. 40 No. 3

[20-21]. A multi-modality imaging approach
is crucial in evaluating a lung field mass, as it
reduces the risk of misdiagnosis, prevents un-
necessary interventions, and ensures timely and
appropriate treatment.

The treatment of subclavian artery aneu-
rysm is directed toward preventing complica-
tions such as limb thrombosis or aneurysm
rupture [22-23]. The risk of these complications
depends on the location and etiology of the an-
eurysm. Conservative management with regular
follow-up imaging to monitor changes in size
or the development of symptoms may be appro-
priate for patients with small and asymptom-
atic aneurysms [2]. In contrast, large, rapidly
growing, symptomatic, or infected aneurysms
often require treatment, as they may result in
severe complications and even death [2, 24-25].
Traditional surgical intervention, including tho-
racotomy or sternotomy with different incision
sites, was commonly performed in earlier cases.
However, studies suggest that open surgery is
associated with longer operation time, post-
operative ventilator use, a higher incidence of
pulmonary complications, and increased rates
of recurrent laryngeal nerve injury and shoulder
instability [3, 26].

Since the mid-1990s, endovascular subcla-
vian aneurysm repair has gained popularity and
showed favorable outcomes with few complica-
tions [27-28]. The most common complications
of endovascular treatment are false aneurysm,
late thrombosis and in-stent stenosis. Severe
complications such as stroke have also been re-
ported [3, 29]. Generally, surgical interventions
offer better long-term patency and are preferred
for larger aneurysms. In contrast, endovascular
treatments are less invasive and are associated
with quicker recovery [26, 30].
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Conclusion

Subclavian artery aneurysm is a rare dis-
ease, and its prognosis largely depends on early
detection and appropriate intervention. Clinical
physicians should be aware of upper lobe lung
opacity with progressive enlargement. Integrat-
ing multiple imaging techniques, including
chest radiographs, ultrasound, and contrast-en-
hanced CT, enhances diagnostic precision and
helps clinicians optimize patient management.
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Lethal Complication of Post-air-way Stenting to Trachea
and Left Main Bronchus: A Case Report

Kuan-sun Lin', Tsai-Wang Huang'

Insertion of a metallic airway stent is a valuable method for the treatment of benign and
malignant airway stenosis and a tracheal-esophageal fistula. Although stenting for airway
stenosis has become widely used, with favorable outcomes, several complications after
stenting, such as migration, a tendency for stent fracture, and ingrowth of the tumor or
granulation tissue in the stent have occurred. Very few of these reports have described the
complications of post-stenting pneumothorax. We report the case of a patient diagnosed with
squamous cell carcinoma of the esophagus, complicated by a tracheal-esophageal fistula and
treated with a tracheal stent or bronchial stent, who developed post-stenting pneumothorax.
Esophageal cancer led to the lethal complication of the tracheal-esophageal fistula,
which was complicated in handling. Although tracheal and left main bronchial airway stent
placement remains a high risk, careful selection of stents (Y-stents) and placement location
can reduce postoperative fatal complications. (Thorac Med 2025; 40: 229-232)

Key words: airway stent, complication, pneumothorax, squamous cell carcinoma of the esophagus
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Introduction

Insertion of a metallic airway stent is a
valuable method for the treatment of benign
and malignant airway stenosis [1]. Although
stenting for airway stenosis has become widely
popular, with favorable outcomes [2], several
complications after stenting, such as migra-
tion, a tendency for stent fracture, and ingrowth
of a tumor or granulation tissue in the stent
could occur [3]. Very few of these reports have
described the complications of post-stenting

pneumothorax. We report the case of a patient
diagnosed with squamous cell carcinoma of the
esophagus, complicated by a tracheal-esopha-
geal fistula and treated with a tracheal stent or
bronchial stent, who developed post-stenting
pneumothorax.

Case Report

A 44-year-old man had a poor appetite,
cough, and increased sputum production for
5 to 6 months. Because of acute hypoxic re-
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Fig. 1. Chest computed tomography (CT) showed suspected esophageal cancer with a broncho-esophageal fistula and total obstruction of the left

main bronchus.

Fig. 2. Mass lesion and perforation located in the left supra-carinal
region.

Thorac Med 2025. Vol. 40 No. 3

spiratory failure, endotracheal intubation was
performed. Based on chest computed tomog-
raphy (CT) findings, esophageal cancer with a
broncho-esophageal fistula and total obstruc-
tion of the left main bronchus were suspected
(Fig. 1). Bronchoscopy showed a mass lesion
and perforation located at the left supra-carinal
region (Fig. 2). Upper gastrointestinal (GI)
panendoscopy showed a circumferential mass
with ulceration, lumen narrowing and whit-
ish coating, 20 to 30 cm from the incisors. The
pathology results showed squamous cell car-
cinoma, moderately to poorly differentiated.
Immunohistochemical stains were positive for
CK14 and P16 and showed overexpression of
P53 and an increased proliferative index of Ki-
67. Stenting of the trachea, left bronchus, and
esophagus were performed. However, post-
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Fig. 3. Post-stenting pneumothorax, left side.

stenting pneumothorax on the left side with
desaturation was observed (Fig. 3). Emergency
tube thoracostomy on the left side was arranged
and full expansion of the lung was noted on the
chest radiograph (CXR) after the procedure.
Re-expansion pulmonary edema on the left side
and bilateral pneumonia with septic shock pro-
gressing to acute respiratory distress syndrome
(ARDS) were suspected. We continued anti-
biotics, and prescribed diuretics and inotropic
agents. However, the patient died on postopera-
tive day 5.

Discussion

Our study focused on reporting post-airway
stenting pneumothorax. The patient was di-
agnosed with squamous cell carcinoma of the
esophagus complicated with a tracheal-esopha-
geal fistula and was treated with a tracheal stent
or a bronchial stent.

The first usage of an endotracheal metallic
stent in the treatment of stenosis of the trachea
was described by Harkins in 1952 [4]. There
are several advantages to using the endotracheal
metallic stent, including ease of placement via
flexible bronchoscopy, low migration rate, and
generation of a sufficient force to maintain pa-
tency of the strictured region of the airway [5].
However, several complications after stenting
have been reported, such as stent fracture, in-
growth of the tumor or granulation tissue in the
stent, and airway wall perforation [7]. Tension
pneumothorax has been described as an imme-
diate complication of stent placement [3, 7-8].

The symptoms of pneumothorax, mediasti-
nal emphysema and subcutaneous emphysema
often appear early after airway stenting. Pneu-
mothorax occurs only if the pleural space is
damaged and air accumulates there [9-10].

Conventional CXR is a good tool to use
in the diagnosis of pneumothorax, mediastinal
emphysema, and subcutaneous emphysema.
Bronchoscopy is indicated for visually detect-
ing stent location and injury to the airway. The
role of CT in the diagnosis of pneumothorax is
controversial. CT is occasionally necessary in
some cases of non-detectable mediastinal em-
physema or if penetration of mediastinal struc-
tures is suspected [9].

Indications for tube thoracostomy are based
on clinical symptoms, and radiological and
bronchoscopic findings [11]. Small tears (about
1 cm in length) in the absence of a gross air
leak and minimal mediastinal and/or subcutane-
ous emphysema can be treated conservatively,
with continuous airway humidification, broad-
spectrum antibiotics, and chest physiotherapy
[6-7, 10-11]. Lesions longer than 2 cm, with
the presence of extensive subcutaneous and/
or mediastinal emphysema and pneumothorax,
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are indications for early surgical repair [7, 10-
11]. In our patient, who was diagnosed as hav-
ing squamous cell carcinoma of the esophagus
complicated with a tracheal-esophageal fistula
and treated with tracheal stent or bronchial
stent, postoperative CXR showed left-sided
pneumothorax. Bronchoscopy showed the stents
were without displacement and the airway was
intact. Tube thoracostomy was performed and
the chest tube was safely removed without air
leakage. Subsequent CXRs showed no pneumo-
thorax.

Esophageal cancer led to the lethal com-
plication of the tracheal-esophageal fistula, the
handling of which was complicated. Although
tracheal and left main bronchial airway stent
placement remains a high risk, careful selection
of stents (Y-stents) and placement location can
reduce fatal postoperative complications.

We suggest that patients diagnosed with
squamous cell carcinoma of the esophagus,
complicated by a tracheal-esophageal fistula,
and treated with a tracheal stent or left bron-
chial stent have a risk of pneumothorax and po-
tential tension pneumothorax. Careful review of
the postoperative CXR is indicated.
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Pulmonary Cryptococcosis Coexisting with Metastatic
Pulmonary Tumors: A Case Report

Chen-Chuan Hsu', Chiung-Hsin Chang’, Tai-Di Chen?, Yu-Hsiu Chen?,
Jia-Shiuan Ju', How-Wen Ko'

Pulmonary cryptococcosis (PC) is a common disease caused by Cryptococcus
neoformans infection. Differentiating PC from pulmonary malignancy in the setting of multiple
pulmonary lesions can be challenging. We reported a patient with biopsy-proven PC and
metastatic pulmonary tumors, and discuss the clinical reasoning behind the managing of
multiple pulmonary nodules. (Thorac Med 2025; 40: 233-238)

Key words: pulmonary cryptococcosis, lung metastasis, treatment response, multiple pulmonary nodules

Introduction

Pulmonary cryptococcosis (PC) is the
pulmonary manifestation of Cryptococcus
neoformans infection after inhalation of its ba-
sidiospore. Systemic cryptococcosis can then
develop through the bloodstream and involve
multiorgan systems, including the central ner-
vous system (CNS), and mucocutaneous and
musculoskeletal systems. The diverse clinical
spectrum of PC, ranging from asymptomatic
colonization to pneumonitis causing respiratory
failure, depends on the exposure burden, viru-
lence factor of the inhaled strain and host im-
munity [1]. The diagnosis of PC relies on image
evaluation, antigen detection, culture evidence,
or a proved histologic specimen [1]. To date,

fluconazole is the first-line treatment for PC [2].

Distinguishing PC from pulmonary malig-
nancy can be challenging due to the nonspecific
symptoms, varied radiographic presentations
and uncertain correlation of serum cryptococ-
cal antigen detection [1]. Several case reports
have highlighted the diagnostic complexity of
PC, which can mimic lung mass [3]. However,
few reports have described the co-diagnosis of
PC and pulmonary malignancy [4]. Hence, we
report the case of a patient with multiple pul-
monary lesions that were ultimately diagnosed
as PC and lung metastases by lung biopsy.

Case Report

We present the case of a 63-year-old male
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with underlying type 2 diabetes mellitus, hy-
pertension, chronic kidney disease and early-
stage oral cancer, for which he underwent total
tumor excision several years ago. He previously
worked in the rubber industry and had a history
of smoking (50 pack-years) and daily alcohol
consumption, specifically 1 bottle of Gaoliang
liquor per day. At the beginning, he suffered
from left-lower quadrant abdominal pain with
referred pain to the left lower back. He under-
went colonoscopy, which revealed a polypoid
tumor at the ascending colon. He then received
a scheduled right hemicolectomy for suspected
colon cancer. The pre-operative computed to-

mography (CT) scan showed a 2 cm mass in the
ascending colon, abdominal lymphadenopathy,
pancreatic tail atrophy with a dilated pancreatic
duct and multiple lung nodules with patchy
opacity at the right upper lobe (RUL) (Fig. 1).
The pathology report of the colon tumor re-
vealed tubulovillous adenoma without definite
malignant cells. Later, he was referred to the
pulmonologist for evaluation of multiple lung
lesions. CT-guided percutaneous lung biopsy of
the largest accessible right middle lobe (RML)
nodule was performed, and the pathology report
showed cryptococcosis (Fig. 2). Fluconazole
200 mg per day was prescribed at the outpatient

Fig. 1. Initial CT before the treatment. (A-C) Multiple lung nodules of varied sizes at bilateral lungs (arrow) were noted in the chest CT. (D)
Patchy opacity consolidation was seen in the right upper lobe (RUL) (arrow). (E) A 2-cm mass is shown at the ascending colon (arrow). (F)
Enlarged abdominal lymph nodes (arrowhead), and atrophy of the pancreatic tail with a dilated pancreatic duct (arrow) are seen in the abdominal
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Fig. 2. CT-guided biopsy of the lung nodule in the right middle lobe (RML) before treatment. (A) The CT-guided biopsy was performed at the
most accessible nodule in the RML. (B) Histological findings showed some encapsuled pale-grey, round, yeast-form organisms (arrow), which
were highlighted by (C) Grocott methenamine silver stains, and (D) Mucicarmine stains. (hematoxylin-eosin stain [B], magnification x400 [B, C,
D).
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Fig. 3. HRCT follow-up after 3 months of anti-fungal therapy
(compared with initial CT images). (A) Enlarged nodule-
like lesion (arrow) at the left upper lobe (LUL). (B) Stationary
RUL consolidation (arrow). (C) Stationary RML biopsy-proven

pulmonary cryptococcosis (arrow). Newly found or enlarging
nodules were highlighted (arrowhead) in (A) and (B) and (C). (D)
Newly developed left pleural effusion (arrow) and perihepatic ascites
(arrowhead). Interlobular effusion was highlighted (asterisk) in (B)
and (C).

department (OPD) for the management of pul-
monary cryptococcosis.

He had regular follow-up and received flu-
conazole at the OPD. However, he developed
progressive dyspnea with borderline satura-
tion despite 3 months of anti-fungal treatment.
The follow-up chest high-resolution computed
tomography (HRCT) (Fig. 3) showed the in-
creased extent and numbers of multiple nodules
in bilateral lungs, with varied sizes, station-
ary RUL consolidation, newly developed left
pleural effusion and ascites. For a possible al-
ternative diagnosis, endobronchial ultrasound
transbronchial biopsy was planned. However,
hypoxemic respiratory failure developed before
he received bronchoscopy.

He was then intubated with mechanical
ventilator (MV) support and admitted to the in-
tensive care unit. Empiric antibiotics, including
carbapenem, were initiated. Liposomal ampho-

tericin B was added due to suspected severe PC
following the failure of fluconazole treatment.
A comprehensive pathogen survey, including
tests for legionella, influenza, COVID-19, my-
cobacteria, aspergillus, Pneumocystis jirovecii,
cytomegalovirus, and human immunodeficiency
virus (HIV) was performed utilizing antigen
detection, polymerase chain reaction, sputum
culture and bronchoalveolar lavage (BAL) fluid
examination, but yielded no specific positive
finding. The cryptococcus antigen tests from
serum and BAL fluid were both negative. The
cytology of BAL fluid was negative.

However, elevated carcinoembryonic an-
tigen and M protein were noted on protein
electrophoresis, which shed light on a possible
alternative diagnosis. We performed a pleural
effusion study and biopsy of the RUL consoli-
dation for suspected PC coexisting with pulmo-
nary malignancy. Cytology of the pleural effu-
sion revealed metastatic adenocarcinoma. CT-
guided biopsy from the RUL consolidation sug-
gested adenocarcinoma with a mucinous feature
(Fig. 4A-E), and further mutational analysis by
AmoyDx® multiplex PCR identified a KRAS
G12D/S mutation. Bone marrow biopsy (Fig. 5)
was also conducted and indicated multiple my-
eloma. A whole body CT scan was performed
to survey for cancer of unknown origin, and re-
vealed an enlarging mass-like lesion (4.6 cm) at
the pancreas tail (Fig. 4F), with suspected peri-
toneal carcinomatosis. After discussion with the
oncologist, the diagnosis of pancreatic cancer
with lung metastases was established. Because
of the difficulty in MV liberation, the patient
received palliative care and the patient’s family
decided to withdraw MV support for hospice
care. The patient passed away 70 days after ad-
mission.

Thorac Med 2025. Vol. 40 No. 3
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100pm.

Fig. 4. CT-guided biopsy of the RUL consolidation was performed after admission with mechanical ventilator support. (A) CT-guided re-biopsy

was performed at the RUL consolidation. (B) Histological findings revealed adenocarcinoma with mucinous features, and immunohistochemistry
study showed (C) positive for CK7 and negative for (D) TTF-1 and (E) p40. (F) CT follow-up 4.5 months after the initial CT showed a 4.6 cm
mass at the pancreas tail (arrow). (hematoxylin-eosin stain [B], magnification x200 [B, D, E], x100 [C])

Fig. 5. Bone marrow biopsy indicated multiple myeloma. (A) Interstitial infiltrates of plasma cells, including plasma cells with large nuclei and
prominent nucleoli. Immunohistochemistry study showed plasma cells highlighted by (B) CD138 immunostain. (C) Lambda and (D) Kappa
immunostains showed lambda light chain restriction in the plasma cells. (hematoxylin-eosin stain [A], magnification x400 [A], x200 [B, C, D])

Discussion

This patient suffered from a case of bilateral
multiple lung lesions with pathology-proven
PC and lung metastases. Due to the initial pa-
thology-proved diagnosis of PC without malig-
nancy, he received anti-fungal treatment alone.
However, his symptoms deteriorated with ra-
diographic progression of bilateral lung lesions
and newly developed pleural effusion resulting
in respiratory failure. Re-biopsy of another lung
lesion confirmed that the malignancy was a co-
existing diagnosis, which explained his clinical

Thorac Med 2025. Vol. 40 No. 3

deterioration despite first-line PC treatment.
Zheng and colleagues [4] described 3 pa-
tients who initially presented with multiple lung
nodules on imaging, and were then eventually
diagnosed with both PC and lung adenocarci-
noma by thoracoscopy. In 1 of these cases, the
preoperative diagnosis was lung cancer with
intrapulmonary metastasis. Another patient was
diagnosed with PC by histological examina-
tion initially and received fluconazole therapy
but later underwent lobectomy due to the poor
response of the remaining lesion. The clinical
scenario was similar to that of our patient, in-
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dicating that close monitoring of the treatment
response was essential to address multiple lung
nodules.

Pulmonary cryptococcosis can coexist with
lung metastasis and cause misleading in the di-
agnosis of multiple lung nodules. Malignancy
itself and impaired immunity from anti-cancer
treatment pose a risk to PC development [1].
Unfortunately, discriminating between PC and
pulmonary malignancy, whether primary lung
cancer or lung metastases, is difficult based on
image evaluation alone. Typical PC appears as
peripheral clustered nodules on CT imaging [5],
but other presentations, including single or mul-
tiple nodules, consolidation, cavitation or mass-
like lesions, have been reported, especially in
immunocompromised patients [1], similar to the
diversity of CT imaging characteristics of lung
metastases. In addition, extramedullary disease
of multiple myeloma, defined as presenting soft
tissue plasmacytoma derived from hematog-
enous spread [6], though rare, can also involve
lung parenchyma [7], mimicking lung cancer.
Thus, when treating patients with proven PC,
synchronous diagnosis of different etiologies
of different nodules, particularly malignancy,
should be kept in mind.

An unexpected clinical course in a patient
receiving PC treatment should include consid-
eration of drug resistance or coexistence of an
alternative diagnosis. Fluconazole is first-line
treatment with a duration of 6 to 12 months in
isolated PC [2]. In severe, isolated PC, liposo-
mal amphotericin B combined with flucytosine
or fluconazole is recommended as the initial
treatment, similar to the management of crypto-
coccal meningitis [2]. In a study of non-AIDS
patients with histologically proven PC, by Song
KD and colleagues [5], all patients achieved

either complete or partial response with surgi-
cal resection and/or fluconazole therapy. Fea-
tures included slow progression of lung lesions
throughout the months before treatment and
persistent nodular lesions on follow-up imag-
ing, with improved symptoms months after
fluconazole therapy alone. An early case study
of HIV-negative PC patients [8] found an 84%
antifungal therapy treatment success rate and
5% l-year cryptococcosis-related mortality.

Nevertheless, reports of fluconazole-
resistant strains of cryptococcus are emerging.
A systematic review that analyzed isolates col-
lected from HIV-positive patients with crypto-
coccosis revealed that the prevalence of fluco-
nazole-resistant strains was 10.6% and 24.1%
in incidental and relapse cases, respectively [9].
Persistent cryptococcus infection was defined
as positive cerebrospinal fluid cultures after 4
weeks of adequate antifungal treatment [10].
However, cryptococcal antigen levels have
shown limited clinical utility in distinguish-
ing clinical responders from non-responders to
anti-fungal therapy [11]. Currently, there are no
standardized guidelines for the treatment and
follow-up of isolated PC without CNS involve-
ment. Therefore, re-evaluation of the treatment
response, including imaging, cryptococcus
cultures, serum cryptococcus antigen, and re-
biopsy, should be considered if clinical and ra-
diologic improvement is not observed after the
initial 4-8 weeks of consolidated treatment.

Given the indolent natural course of iso-
lated PC and its slow response to first-line flu-
conazole treatment, relatively rapid progression
of lung lesions should prompt the physician to
consider arranging a re-sampling for resistant
strain detection and/or re-biopsy for evaluation
of a differential diagnosis.

Thorac Med 2025. Vol. 40 No. 3
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Conclusion

Pulmonary cryptococcosis can coexist
with lung metastases. When treating a patient
with multiple lung nodules with histologically-
proven PC, re-evaluation of persistent PC or
an alternative diagnosis should be considered
if there is no treatment response following the
initial consolidated antifungal therapy.
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