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Real-World Experience with Immunotherapy for Lung
Cancer in a Tertiary Hospital in Central Taiwan

Hsu-Yuan Chen’, Yi-Cheng Shen’, Hung-Jen Chen', Chih-Yen Tu', Yu-Chao Lin"?,
Te-Chun Hsia"?

Introduction: Clinical trials have demonstrated the promising effects of immunotherapy
in lung cancer treatment, but real-world data is scarce. The main aim of this study was to
explore real-world experience with immunotherapy in treating lung cancer patients.

Methods: Eligibility criteria included a diagnosis of an advanced stage of lung cancer
and having received immunotherapy from 2015 to 2018. The protocol was approved by the
institutional review board of our institution. Medical records were reviewed retrospectively.

Results: A total of 39 patients (males, 69.2%; mean age, 59.8 years) were enrolled.
Clinical characteristics included non-squamous cell carcinoma in 74.4% of patients, stage
IV in 92.3%, and brain metastasis in 35.9%; 17.9% of patients were hepatitis B carriers,
7.7% had received previous radiotherapy, and 76.9% had received combined chemotherapy:
1st treatment line (20.5%), 2nd (23.1%), 3rd (20.5%), and >= 4th (35.9%), respectively.
Mean time to treatment failure was 8.9 months. The patients with brain metastasis who had
received late-line therapy (>= 4th) showed a longer time to treatment failure. Common side
effects included dermatitis (12.8%), fatigue (12.8%) and fever (10.3%), and the severe side
effect was dermatitis (n=1, 2.6%).

Conclusion: Real-world data reflect the conditions of patients with a clinical medical
need. Our study included subgroups with late-line therapy or those with brain metastasis,
and revealed that those 2 groups experienced a longer time to treatment failure. Physicians
should not only be familiar with immunotherapy as first-line therapy, but also consider it as
part of the treatment plan for patient populations that need medical care in our daily practice.
(Thorac Med 2023; 38: 177-186)

Key words: Lung Cancer, immunotherapy
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Introduction

Cancer is the 2nd most common etiology
of death worldwide, following cardiovascular
events. Lung cancer-related cancer deaths are
estimated to be 1.6 million per year, and lung
cancer is the main etiology of all cancer mortal-
ity [1]. Non-small-cell lung cancer (NSCLC),
especially adenocarcinoma and squamous cell
carcinoma, accounted for 85% of all lung can-
cer cases in a study from Spain [2], and is al-
ways in an advanced unresectable tumor stage
when diagnosed. However, targeted therapy
improved the overall response rate and overall
survival (OS) of patients with a genetic altera-
tion like an epidermal growth factor receptor
(EGFR) mutation, or an anaplastic lymphoma
kinase (ALK) or ROS proto-oncogene 1 (ROS1)
translocation. Metastatic lung cancer patients
without common genetic alterations should
receive standard platinum-based doublet che-
motherapy. Although median OS with doublet
cytotoxic chemotherapy has evolved from 8-10
months to 12-13 months when using a new less
toxic regimen [3], the treatment result is still
clinically unsatisfactory.

Tumor cells adopt several mechanisms
during tumorigenesis and metastasis, includ-
ing angiogenesis, and escape immune cell sur-
veillance. One of the important features is the
programmed cell death protein 1/programmed
death-ligand 1 (PD-1/PD-L1) pathway [4],
which induces immune tolerance. Cancer im-
munotherapy is a kind of therapy that focuses
on the immune checkpoint and allows the im-
mune system to resume its fight against cancer
cells. Blocking the PD-1 and PD-L1 pathways
with antibodies offers a chance to restore T cell-
mediated antitumor immunity [5-6].

Thorac Med 2023. Vol. 38 No. 3

Clinically available regimens of immune
checkpoint blockers (ICBs) for advanced
NSCLC treatment in Taiwan are nivolumab,
pembrolizumab and atezolizumab. Nivolumab
and pembrolizumab are PD-1 inhibitors, and
atezolizumab is a PD-L1 inhibitor. Pembroli-
zumab improved the OS of advanced NSCLC
patients’ compared to chemotherapy, in both
a first-line and second-line setting [7-8].
Nivolumab [9-10] is approved for metastatic
NSCLC with disease progression during or
after platinum-based chemotherapy. Atezoli-
zumab reduced mortality risk and improved
progression-free survival (PFS) significantly as
first-line treatment for advanced NSCLC [11].

Although many clinical trials have revealed
that ICBs seemed to have a promising treatment
effect on lung cancer patients, real-world data
for immunotherapy is scarce. The aim of study
was to understand real-world experience with
immunotherapy, including the treatment pattern,
immunotherapy effect on OS, and its safety in
practice.

Methods

Patients and methods

Eligibility criteria for the enrolled patients
included a histological diagnosis of lung can-
cer with advanced tumor stage I1Ib to IV, and
having received ICB medications (nivolumab,
pembrolizumab, atezolizumab) from January,
2015 to December, 2018. Patients enrolled in
clinical trials were excluded. The protocol was
approved by the institutional review board
(IRB) at China Medical University Hospital, a
medical center located in central Taiwan. The
study was retrospective in design and patients’
informed consent was waived.
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Data collection

Chart and medical records were reviewed
retrospectively and clinical characteristics,
treatment modalities and outcome character-
istics were recorded. Clinical characteristics
included age, gender, body mass index, smok-
ing status, performance status, tumor histology
subtype, tumor stage, brain metastasis, and
presence of any driver mutations like an EGFR
mutation or ALK rearrangement. The initial
cancer diagnosis as a basis for receiving im-
munotherapy and the immunotherapy treatment
course were recorded. Treatment modalities
included dosing of immunotherapy, treatment
lines of immunotherapy, and whether immuno-
therapy was received alone or in combination
with radiotherapy or chemotherapy (platinum-
based or non-platinum-based) or other regimens
(tyrosine kinase inhibitor, anti-angiogenesis).
Outcome characteristics included time-to-treat-
ment failure (TTF) and adverse effects during
treatment.

Definition

The time from the initial cancer diagnosis
to receiving immunotherapy was defined as the
time from the first lung cancer diagnosis to the
initiation of immunotherapy treatment. TTF
was defined as the time from initiation of im-
munotherapy to death or the last follow-up. Ad-
verse effects were based on assessment by the
treating physician and graded using the Com-
mon Terminology Criteria for Adverse Events
(CTCAE), version 4.0.

Statistical analysis

Categorical variables are presented as the
number of patients and percentages. All data
were compiled and statistical analysis was done

using SAS version 9.4 (SAS Institute Inc.,
Cary, NC). We presented means with standard
deviations (SDs) for continuous variables and
proportions for categorical variables.

Results

General characters of patients

We enrolled 51 patients and excluded 12
who had participated in a clinical trial. The
remaining 39 patients with advanced NSCLC
had received immunotherapy (nivolumab, pem-
brolirumab, atezolizumab) from January 2015
to December 2018 at China Medical University
Hospital (Table 1). The mean age of the enroll-
ees was 59.8 years (24.8-83.2) and males were
predominant (n=27, 69.2%). The most common
Eastern Cooperative Oncology Group (ECOG)
performance status was 1 (n=22, 56.4%), fol-
lowed by ECOG 0 (n=12, 30.8%). Seventy-
four percent of all patients had adenocarcinoma
(n=29), and 92.3% had stage IV disease (n=36).
Fourteen patients had brain metastasis; 18 pa-
tients (46.1%) had an unknown PD-L1 status
and 9 (23.1%) had PD-L1 expression 1-50%.
Small numbers of patients presented with a
driver gene mutation: 7 (18%) with an EGFR
mutation and 2 (5.1%) with an ALK re-arrange-
ment.

Treatment patterns and side effects

Of the 39 patients in this study, 22, 11, and
6 had received immunotherapy regimens with
nivolumab, atezolizumab and pembrolizumab,
respectively. Most patients (n=36, 92.3%) had
not undergone radiotherapy before. The mean
time from initial cancer diagnosis to receiving
immunotherapy was 21.3 months. The mean
length of immunotherapy was 5.8 months.
Seventy-seven percent of patients (n=30) were

Thorac Med 2023. Vol. 38 No. 3
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Table 1. Demographic Data of 39 Patients With Advanced NSCLC Who Received Immune Checkpoint Inhibitors

Variable Total N (%)*
Age (y) 59.8 (24.8-83.2)
Gender:
Male 27 (69.2)
Female 12 (30.8)
BMI” 23.9 (15.9-31.6)
ECOG PS”
0 12 (30.8)
1 22 (56.4)
2 5(12.8)
Smoking:
Non-smoker 32 (82.0)
Ex- or current smoker 7 (18.0)
Cell type
Squamous 10 (25.6)
Non-squamous 29 (74.4)
Staging
Stage I11B 3(7.7)
Stage IV 36 (92.3)
Brain metastasis
Yes 14 (35.9)
No 25 (64.1)
Hepeatitis
HBs Ag(+) 7
HCV Ab(+) 0
EGFR" mutation
Positive 7 (18.0)
Negative 23 (59.0)
Unknown 9(23.0)
PDLI" percentage
<=1% 6 (15.4)
1-50% 9(23.1)
>=50% 6(15.4)
Unknown 18 (46.1)
ALK rearrangement
Positive 2(5.1)
Negative 23 (59.0)
Known 14 (35.9)

*Data are presented as n (%) or mean range
+Acronyms: BMI = body mass index; ECOG PS = Eastern Cooperative Oncology Group performance status; EGFR= epidermal growth factor
receptor; ALK = anaplastic lymphoma kinase; PD L1 = programmed death ligand 1

Thorac Med 2023. Vol. 38 No. 3
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treated with combined chemotherapy, especial-
ly with a non-platinum-based regimen (n=22,
73.3%). Thirty-one patients (80%) received im-
munotherapy as at least more than second-line
therapy, and 14 received it as more than fourth-
line therapy. The mean TTF of all patients was
8.9 months (Table 2).

A total of 36 episodes of adverse effects
were reported in 22 patients (56.4%). Derma-
titis (n=5, 12.8%), fatigue (n=5, 12.8%) and
fever (n=4, 10.3%) were the common side ef-
fects in the study, and their common severity
was grade 1 or 2. Only 1 patient (2.6%) had a
severe side effect with the presentation of der-

matitis (Table 3).
Time to treatment failure (TTF)

The mean and median TTF of all patients
were 8.9 and 5 months, respectively. Patients
who were female, elderly (>70 y/0), and with a
good performance status (ECOG 0-1), and who
had a non-squamous histology and were never/
former smokers, tended to have a longer TTF.
A longer mean or median TTF was observed
in the subgroups of those combined with che-
motherapy or those who had brain metastasis.
Different treatment lines also had different TTF.
Patients with a late-line therapy (>= 4th line)

Table 2. Treatment Variables of 39 Patients With Advanced NSCLC who Received Immunotherapy

Variable
Immunotherapy regimen
Nivolumab
Pembolizumab
Atezolizumab
Previous radiotherapy
Yes
No
Combine chemotherapy
Platinum-based
Other regimen’
No
Line of immunotherapy
1* line
2" line
3" line
4" line
Time from initial cancer diagnosis to
receiving immunotherapy (M)
Length of immunotherapy (M)

Time to treatment failure with immunotherapy (M)

Total N (%)*

22 (56.4)
6 (15.4)
11 (28.2)

3(7.7)
36 (92.3)

8 (20.5)
22 (56.4)
9 (23.1)

8 (20.5)
9(23.1)

8 (20.5)

14 (35.9)

21.3 (0.2-87.5)

5.8 (0.5-31.0)
8.9 (0.5-31.0)

*Data are presented as n (%) or mean range

+Other regimens: including non-platinum chemotherapy, anti-angiogenesis, tyrosine kinase inhibitor

Thorac Med 2023. Vol. 38 No. 3
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Table 3. Treatment-related Adverse Effects of 39 NSCLC Patients

Side effects Total N (%)

Side effects (Grade 1 or 2)
Dermatitis 5(12.8)
Fatigue 5(12.8)
Fever 4(10.3)
Vomiting 2(5.1)
Hypothyroidism 1(2.6)
Liver function impairment 1(2.6)
Body ache 1(2.6)
Chest tightness 1(2.6)
Anemia 1(2.6)
Allergy 1(2.6)
Dyspnea 1(2.6)
Vertigo 1(2.6)
Pneumonitis 1(2.6)

Severe side effect” (>=Grade 3) 1(2.6)

*Dermatitis

tended to have longer TTF, followed by the 2nd
line therapy subgroup. The subgroup with PD-
L1 expression <1% (n=6) had the longest TTF
(13.3M), followed by the unknown PD-L1 ex-
pression status subgroup (10.7M) (Table 4).

Discussion

This study excluded patients enrolled in
clinical trials, and focused on real-world data
of immunotherapy use in advanced NSCLC pa-
tients in central Taiwan. Lung cancer treatment
has evolved from cytotoxic therapies to targeted
therapy and immunotherapy, and responses are
related to the factors of tumor genetic alterna-
tion or the status of PD-L1 expression. With
more and more data available, immunotherapy
has become the standard of care in lung cancer
treatment. But with the strict patient selection
criteria, only about 30% of NSCLC patients are

Thorac Med 2023. Vol. 38 No. 3

eligible to participate in clinical trials [12]. The
small patient population yields an evaluation of
the treatment response that cannot necessarily
be generalized to all lung cancer populations.
Since some clinical variants exist, such as dif-
ferent patient populations, disease statuses or
treatment lines of immunotherapy, the applica-
tion of clinical trial data to daily practice pres-
ents an uncertain benefit. Therefore, it is impor-
tant to explore the data of clinical practice, to
further decrease the gap between the results of
trials and daily practice in the real world.
Immunotherapy as second-line versus che-
motherapy has demonstrated significantly lon-
ger PFS and OS. Median OS was about 10.4 to
13.8 months for NSCLC patients with different
immunotherapy regimens [7, 10 ,13]. Immuno-
therapy as first-line treatment has also produced
promising data, with median OS of about 19-22
months, and even up to 30 months in patients



Table 4. Median and Mean Time to Treatment Failure of Different Subgroups
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Median time to treatment

Mean time to treatment

Population . .
failure (m) [95% CI] failure (m) [95% CI]

Overall 5[3.27-11.4] 8.9+8.9
Sex

Male 3.97[2.2-5.3] 7.3+8.8

Female 11.5[3.7-20.2] 12.5+8.4
Age (years)

<70 4.43[3.27-11.57] 8.9+8.7

>70 5.17[0-17.3] 9.1£1.0
Smoking status

Never/former smoker 5.23[3.27-11.43] 9.2+9.0

Smoker 3.97 [0-19.63] 7.6+8.6
Histology

Squamous 3.23[0-11.37] 7.1£8.7

Non-squamous 5.3[3.7-11.57] 9.5£9.0
ECOG* score

0-1 5.62[3.93-11.57] 9.3+9.4

2 1.13[0.67-5.3] 8.7+8.8
Brain metastasis

Metastasis 5.23 [2.53-11.57] 9.9+49.5

Non-metastasis 4.22.5-16.73] 1.9+1.9
Combined chemotherapy

Yes 5.08 [3.93-11.43] 10.2+11.6

Not 2.53[0-24.47] 8.5+8.1
Treatment line

1 3.410-5] 39433

2 6.07 [0.67-21.23] 10.1+£9.3

3 3.60[0.97-20.2] 8.8£10.6

>=4 11.2 [4.03-17.27] 11.1£9.4
PDLI1*

<1 10.07 [4.03-31.43] 13.3+£10.3

1-50 3.27[1.13-16.73] 6.2+7.7

>50 3.82[0-5.3] 3.3+1.6
Unknown 8.4 [8.5-17.27] 10.7£9.6

*Acronyms: ECOG = Eastern Cooperative Oncology Group performance status; PD L1 = programmed death ligand 1

Thorac Med 2023. Vol. 38 No. 3
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with PD-L1 expression >50% [8,11,14].

During the period of our study, the initial
PD-L1 testing method utilized in our hospital
was Daco 22C3. This led to the highest usage
of nivolumab during the same time, owing to
the compassionate treatment provided to the
patients. We found that the time from initial
cancer diagnosis to immunotherapy was 21.3
months. This reflected an improvement in lung
cancer treatment, even in patients without an
acquired oncogene mutation (like EGFR).
However, longer patient survival means that
the clinical physician has more challenges in
treating patients with limited available tools.
Therefore, familiar treatment tools like immu-
notherapy gain in importance for physicians.
The shorter TTF that was observed with immu-
notherapy as first-line treatment might be due
to insufficient follow-up time in this subgroup.
Twenty-two patients (56.4%) in our group re-
ceived immunotherapy as late-line therapy (>=
4th line), and the TTF was 11.3 months longer
than in the other groups (Table 4). The longer
TTF in patients who received late-line therapy
and in older patients might be related to the
relatively good performance of immunotherapy
combined with chemotherapy.

In our study, patients who received com-
bined chemotherapy (n=30, 77%) tended to
have longer TTF than did those patients whose
treatment regimens did not include chemothera-
py. And 22 patients (22/30, 73%) who received
a non-platinum-based regimen were due to re-
ceiving as second line therapy or above. There
were significant outcome benefits for advanced
NSCLC patients treated with immunotherapy
combined with chemotherapy in the KEY-
NOTE-189 and IMpower 150 trials [11, 14].
The data from Keynote 024 showed significant
PFS or OS when immunotherapy was single-

Thorac Med 2023. Vol. 38 No. 3

use in a special population with a higher PD-L1
expression [8].

The PD-L1 expression status seemed not to
be correlated with TTF in our study. The groups
of patients with longer TTF were the PD-L1 <
1% group, followed by those with an unknown
PD-L1 expression status. There are some expla-
nations for this phenomenon. First, the PD-L1
< 1% patient number was small (n=6, 15.4%) in
our study. Second, there were no validated im-
munohistochemistry (IHC) assays based on dif-
ferent PD-L1 antibodies used in different stud-
ies, thus possibly varying the relationship be-
tween PD-L1 expression and different immuno-
therapy regimens. Third, we did not check PD-
L1 expression routinely before immunotherapy
was available clinically, which could contribute
to the higher proportion of patients with un-
known PD-L1 expression (n=18, 46.1%). In
this study, most of the PD-L1 expression data
was obtained at the time of initial diagnosis,
and there was no routine request for PD-L1 data
before the use of second or subsequent lines of
immunotherapy. In addition, prior to Taiwan’s
National Health Insurance (NHI) covering the
cost of immune checkpoint inhibitors, patients
had to pay for immunotherapy out-of-pocket, or
rely on compassionate therapy. This also influ-
enced the willingness to re-biopsy. Therefore,
the real distribution of PD-L1 expression and
outcome correlations is unclear.

Five patients with ECOG 2 had a shorter
TTF than patients with ECOG 0-1 in our data.
Lin et al. reported that real-world data showed
ECOG status was an independent predictor of
PFS and OS, indicating that immunotherapy of-
fers less benefit to patients with a poor ECOG
status [15]. Factors contributing to the poor
treatment response in those patients included
not only poor physical status and energy level,
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but also rapid disease progression.

Brain metastasis developed in 8-10% of all
cancer patients, and in up to 50% of NSCLC
patients (16, 17). Up to 1/3 of metastatic brain
lesions might be the first site of failure during
the treatment course, due to limited treatment
options (18). Most studies excluded brain me-
tastases due to concerns about central nervous
system penetration and historically poor out-
comes. The landmark KEYNOTE-189 and
KEYNOTE-010 studies showed that the pro-
portions of enrolled patients with brain metas-
tasis varied from 10-20% (7, 14). In our study,
the proportion of patients with brain metastasis
was 35% (n=14), higher than that of clinical
trials. This indicates that there is a need to at-
tend to those patients with brain metastasis. We
found that 64.3% of patients (n=9) with brain
metastasis received immunotherapy as at least
fourth-line therapy, and had longer median TTF
than those with no brain metastasis (10.6 vs 4.5
months). Goldberg SB et al. reported a 33% in-
tra-cranial response rate in 18 NSCLC patients
(19), and suggested systemic immunotherapy
might play a role in brain metastases. We think
that the improved radiotherapy technique used
for local control of brain lesions, combined with
chemotherapy in most patients (n=11, 78.6%),
yielded a better TTF for brain metastatic pa-
tients in our data. Multidisciplinary care and
immunotherapy might be promising treatment
options for those patients with brain metastasis.

However, there were some limitations in
our study. First, there might be a selection bias
in the retrospective data, and there was no stan-
dard treatment plan for different patients, so
the study results may have been influenced by
patient selection, which initially favored indi-
viduals who had already undergone first-line
treatment, rather than selecting patients simul-

taneously. Second, the PD-L1 expression was
not obtained for every patient, so correlating
the relationship between PD-L1 expression and
immunotherapy treatment response in our study
would be difficult. Third, the patient population
was small since immune checkpoint inhibitors
were not covered by Taiwan’s NHI until April
2019, patients may have been influenced by
the economic burden and may have been less
willing to receive ICBs. In addition, the follow-
up time was not long enough in the subgroup
with high PD-L1 expression receiving immuno-
therapy as first-line therapy. We acknowledge
that time-to-treatment may not fully align with
current treatment recommendations for immune
checkpoint inhibitors due to a time-related bias.
It is crucial to recognize the limitations of this
approach, and results should be interpreted with
caution.

Conclusion

Immunotherapy is playing a more and more
important role in lung cancer treatment, and
will be into the future. Longer patient survival
and the lack of treatment choices presents the
physician with more challenges in determining
follow-up treatment in late-line therapy. This
study presented real-world data and reflected
the need for clinical medical care of patients,
including those with late-line therapy or brain
metastasis. Our data demonstrated a non-inferi-
or TTF in the groups clinically. The proportions
of side effects with immunotherapy were not
high, and were manageable in our study. Physi-
cians should not only be familiar with immuno-
therapy as first-line therapy but also consider it
as part of the treatment plan for patient popula-
tions, with the existing medical demands in our
daily practice.

Thorac Med 2023. Vol. 38 No. 3
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Comparing the Real-World Efficacy of Erlotinib and
Afatinib in Treating Advanced Lung Squamous Cell
Carcinoma

I-Hung Lin", Yen-Hsiang Huang'?*®, Po-Hsin Lee"**°, Kuo-Hsuan Hsu®,
Jeng-Sen Tseng"**’, Tsung-Ying Yang"®

Background and Aims: Erlotinib and afatinib are drugs of choice for patients with
advanced squamous cell carcinoma (SqCC) of the lung. Here, we aimed to study the efficacy
of erlotinib and afatinib in real-world practice.

Methods: We retrospectively screened lung SqCC patients who received erlotinib or
afatinib between Jan 2009 and Aug 2021 in a hospital-based cohort. We excluded those
patients who had received erlotinib or afatinib for less than 2 weeks, who had received
chemotherapy combined with erlotinib or afatinib, or who had a mixed histology. Progression-
free survival (PFS) was evaluated.

Results: A total of 167 patients were analyzed (140 in the erlotinib group, 23 in the
afatinib group, and 4 who had been treated with both erlotinib and afatinib). In the erlotinib
group, 76.4% of patients had received erlotinib as the third- or higher line of therapy,
compared with 39.1% in the afatinib group (p=0.030). Disease control rates in the erlotinib
and afatinib groups were 28.6% and 21.7%, respectively (p=0.021). The proportions of
patients who had discontinued tyrosine kinase inhibitor treatment due to adverse events in
the erlotinib and afatinib groups were 1.4% and 21.7%, respectively (p=0.001). There was no
significant difference in PFS between the erlotinib and afatinib groups (median 2.4 months
[95% CI, 2.0 to 2.7] vs 2.7 months [95% CI, 2.2 to 3.2]; p=0.833). All of the patients who had
received afatinib with prior erlotinib treatment showed benefits from erlotinib treatment, and 3
of them experienced stable disease after afatinib use.

Conclusion: Either erlotinib or afatinib can be a treatment option in a real-world setting
for advanced lung SqCC patients who have progressed after prior treatments. We found no
difference in PFS between erlotinib and afatinib treatment. Afatinib may provide benefits to
some patients showing resistance to prior erlotinib treatment. (Thorac Med 2023; 38: 187-
198)
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Introduction

Despite the availability of innovative
screening modalities and treatment, lung can-
cer is still a major cause of malignancy-related
mortality worldwide [1]. Adenocarcinoma is
the most common subtype of non-small cell
lung cancer (NSCLC), followed by squamous
cell carcinoma (SqCC), which accounts for
29.4% of patients [2]. Unlike adenocarcinoma,
which has more treatment options, includ-
ing different types of epidermal growth factor
receptor (EGFR) tyrosine-kinase inhibitors
(TKIs), SqQCC has a relatively limited number
of treatment options. Aside from SqCC cases
with limited kinds of EGFR mutations that can
be treated with EGFR-TKIs, the first-line treat-
ment recommendations for advanced SqCC
without targetable molecular drivers depends
on the status of the patient’s programmed cell
death ligand 1(PD-L1) expression. Despite the
growing number of treatment options, such as
immune checkpoint inhibitors (ICIs) [3-5] and
chemotherapy [6] that have been accepted as
first-line treatment for advanced SqCC, second-
line treatment choices remain limited. In ad-
dition, the efficacy of second-line treatments
seldom meets the expectation.

EGFR-TKIs are possible choices of second-
line treatment for advanced SqCC, especially
for those patients for whom ICIs or chemother-
apy are unavailable or contraindicated, or who
are intolerant. The LUX-Lung 8 study showed
a significant survival benefit in patients under-
going second-line treatment with afatinib for
SqCC, when compared with erlotinib [7]. The
study results might be statistically significant,
but they are not clinically significant due to the
small differences in progression-free survival
(PFS) between the 2 groups (2.4 vs. 1.9 months

Thorac Med 2023. Vol. 38 No. 3

in the afatinib group vs. the erlotinib group,
respectively) and their overall survival (OS,
7.9 vs. 6.8 months in the afatinib group vs. the
erlotinib group, respectively). Besides, afatinib
also appears to have more frequent drug-related
adverse events (93% vs. 81%), as well as grade
3 drug-related adverse events (25% vs. 16%) [7].
For the above reasons, the superiority of afa-
tinib over erlotinib in treating advanced SqCC
remains unclear.

Though the results of the LUX-Lung 8
study were not clinically significant, some of
the patients with advanced SqCC showed ben-
efits from EGFR-TKIs. The final analysis of the
LUX-Lung 8 study revealed that ERBB fam-
ily mutations were more commonly observed
(50%) among patients showing long-term dis-
ease control with afatinib, compared to those
without similar long-term disease control (19%)
[8]. Apart from the ERBB family mutations, no
other possible factors related to the efficacy of
EGFR-TKIs have been reported. The expres-
sion status of PD-L1 is not only an important
biomarker to consider when selecting which
first-line treatment to use in patients with lung
cancer, but it is also a predictor of some targeted
therapies. A high PD-L1 expression in patients
with EGFR-mutant lung adenocarcinoma may
indicate a higher frequency of primary resis-
tance to EGFR-TKIs [9,10]. In contrast, some
mutations with positive PD-L1 are associated
with a longer OS [11,12]. However, whether the
expression of PD-L1 is associated with the ef-
ficacy of EGFR-TKIs in treating SqQCC remains
unknown.

The combined use of EGFR-TKIs and ICIs
in EGFR-mutant NSCLC is known to increase
treatment-related adverse events (trAEs).13
Nonetheless, whether first-line ICIs treatment
followed by EGFR-TKIs also increases trAEs
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remains unclear. This issue gains greater at-
tention as ICIs are becoming first-line treat-
ment choices in patients with advanced SqCC.
Whether trAEs increase in the treatment scenar-
io using first-line ICIs followed by EGFR-TKI
as second-line or higher treatment in real-world
settings remains unclear.

Here, we aimed to determine the differ-
ences in efficacy between different EGFR-TKIs
in treating patients with a squamous histology.
These patients already had undergone first-
line treatment. We aimed also to explore the
characteristics that might have led to the patient
benefiting from EGFR-TKIs treatment, and to
determine the possible influence of sequential
treatments with ICIs and EGFR-TKIs on trAEs.
Specifically, we studied real-world experience
in treating advanced SqCC using afatinib or er-
lotinib.

Methods

This retrospective study was conducted at
Taichung Veterans General Hospital, in Taic-
hung, Taiwan. We screened out patients with
newly diagnosed lung SqCC with histology
during the period Jan 2011 to Dec 2020, and
who had been treated with an EGFR-TKI (er-
lotinib or afatinib). We excluded those who had
received an EGFR-TKI for less than 14 days,
who had a mixed histology (combined SqCC
and adenocarcinoma), who had concomitant
EGFR-TKI and other anti-cancer treatments,
who had been treated with EGFR-TKI at lung
cancer stage I, 11, or IIIA, and those who previ-
ously had been treated with gefitinib. Patients
were followed up until December 31, 2021. All
methods used in this study were approved by
the Institutional Review Board of Taichung Vet-

erans General Hospital (IRB CF20175B), and
procedures were performed in accordance with
the Declaration of Helsinki and relevant guide-
lines and regulations.

The staging of lung cancer followed the
American Joint Committee on Cancer (AJCC)
staging system (8th edition) [14]. We adopted
the definitions of unidimensional measurements
proposed by Response Evaluation Criteria in
Solid Tumors (RECIST, version 1.1) [15]. The
chief outcome of this study was PFS with the
use of EGFR-TKIs, which was defined as the
time from the start of TKI treatment to the time
of disease progression or death. Other outcomes
included the disease control rate and trAEs.

To compare inter-group differences in
categorical variables, Fisher's exact test and
Pearson’s chi-square test were used. Continu-
ous variables were compared using the Mann—
Whitney U test. PFS was estimated using the
Kaplan—Meier method. Inter-group differences
were assessed using the stratified log-rank test.
Factors associated with PFS were assessed us-
ing the Cox proportional hazard model. The
strength of association was presented as the
hazard ratio (HR) and 95% confidence interval
(CI). In this study, we used 2-tailed statistical
tests, and significance was set at P <0.05. All
analyses were performed with the IBM SPSS
Statistics package, version 23 (IBM Corpora-
tion, Armonk, NY).

We used propensity score matching (PSM)
to explore the association between types of
EGFR-TKI and PFS among the enrolled pa-
tients. The optimal nearest neighbor matching
algorithm was used in PSM, and the caliper dis-
tance of the standard mean difference was set at
0.40. Statistical analyses were conducted with
R (3.6.0), and the level of significance was 0.05.

Thorac Med 2023. Vol. 38 No. 3
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Results

Study subjects and their characteristics rela-
tive to different EGFR-TKI treatments

The algorithm and categories of the study
participants are illustrated in Figure 1. We in-
cluded a total of 167 patients with stage IIIB or
IV lung SqCC receiving erlotinib or afatinib;
140 of the 167 patients received erlotinib treat-
ment, 23 received afatinib treatment, and the
remaining 4 received both treatments. Charac-
teristics of the study population are shown in
Table 1. More patients in the erlotinib group
had received an EGFR-TKI as third-line or
higher treatment (76.4% vs. 39.1%, p=0.030).
More patients in the afatinib group had received
ICIs before EGFR-TKI treatment (21.7% vs.
6.4%, p=0.030). The disease control rate was
higher in the erlotinib group (28.6% vs. 21.7%,
p=0.021). More patients in the afatinib group
discontinued their EGFR-TKI due to adverse
events (21.7% vs. 1.4%, p=0.001).

Clinical outcomes of patients with lung SqCC
receiving EGFR-TKIs

As shown in Table 2, risk factors for PFS
as revealed by univariate analysis were the fol-
lowing: smoking history, ECOG performance
status, and line of EGFR-TKI treatment. Differ-
ent EGFR-TKI types had no impact on clinical
outcomes. In multivariable analysis, ECOG
performance status and line of EGFR-TKI
treatment were independent risk factors. The
median PFS was 2.7 months (95% CI, 2.2-3.2)
for the afatinib group, and 2.4 months (95% CI,
2.0-2.7) for the erlotinib group (p=0.833) (Fig-
ure 2A). There was no significant difference in
PES of patients with lung SqCC between those
receiving afatinib and erlotinib (p=0.833).

Sub-group analysis based on the line of EG-
FR-TKI treatment and the EGFR-TKI type

In patients who received an EGFR-TKI as
their second-line treatment, ECOG performance
status and TKI type were identified as inde-

247 patients with lung SqCC receiving erlotinib or
afatinib from Jan 2009 to Aug 2021

Exclusion criteria for 80 patients
61 patients, TKI treatment duration <14 days

patients, mixed histology with adenocarcinoma

6

6 patients, concomitant TKI and other anti-cancer treatment

5 patients, TKI treatment at the lung cancer stage of |, I, or IlIA
2

patients, prior gefitinib use

167 patients with stage IlIB or IV lung
SqCC receiving erlotinib or afatinib

v
140 patients, erlotinib treatment | | 23 patients, afatinib treatment ‘ 4 patients, erlotinib and afatinib treatment
[
v v v v
40 patients, 100 patients, 14 patients, 9 patients,
erlotinib as erlotinib as afatinib as afatinib as

< 2 lines of therapy

2 3 lines of therapy

< 2 lines of therapy

2 3 lines of therapy

Fig. 1. Algorithm for enrollment of the study participants. SqCC, squamous cell carcinoma; TKI, tyrosine kinase inhibitor.
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Table 1. Characteristics of Patients with Stage IIIB or IV Lung Squamous Cell Carcinoma Receiving Erlotinib or Afatinib

Total, N=163 Erlotinib, N=140 Afatinib, N=23 p value
Age 67.0 (60.2-74.5) 67.1 (61.8-74.5) 63.4(53.8-72.4) 0.151
Gender 0.391
Male 132 (81.0%) 115 (82.1%) 17 (73.9%)
Female 31 (19.0%) 25 (17.9%) 6 (26.1%)
Smoking 0.200
Never 43 (26.4%) 34 (24.3%) 9 (39.1%)
Ever 120 (73.6%) 106 (75.7%) 14 (60.9%)
ECOG PS before TKI 0.312
1 78 (47.9%) 63 (45.0%) 15 (65.2%)
2 38 (23.3%) 35 (25.0%) 3 (13.0%)
3 33 (20.2%) 29 (20.7%) 4 (17.4%)
4 14 (8.6%) 13 (9.3%) 1(4.3%)
Initial stage 0.242
11 54 (33.1%) 49 (35.0%) 5(21.7%)
v 109 (66.9%) 91 (65.0%) 18 (78.3%)
Line of treatment 0.030
<=2 47 (28.8%) 33 (23.6%) 14 (60.9%)
>=3 116 (71.2%) 107 (76.4%) 9 (39.1%)
Prior ICI 0.030
No 149 (91.4%) 131 (93.6%) 18 (78.3%)
Yes 14 (98.6%) 9 (6.4%) 5(21.7%)
PD-first-line treatment <0.001
<1% 13 (8.0%) 6 (4.3%) 7 (30.4%)
1-49% 17 (10.4%) 8 (5.7%) 9 (39.1%)
>=50% 53.1%) 2 (1.4%) 3 (13.0%)
N/A 128 (78.5%) 124 (88.6%) 4 (17.4%)
EGFR <0.001
Wild-type 11 (6.7%) 7 (5.0%) 4 (17.4%)
Mutation 4(2.5%) 1 (0.7%) 3 (13.0%)
N/A 148 (90.8%) 132 (94.3%) 16 (69.6%)
Brain metastasis before TKI 0.253
No 132 (81.0%) 111 (79.3%) 21 (91.3%)
Yes 31 (19.0%) 29 (20.7%) 2 (8.7%)
Response
Disease control 45 (27.6%) 40 (28.6%) 5(21.7%) 0.021
Partial response 19 (11.7%) 17 (12.1%) 2 (8.7%) 0.027
Stable discase 26 (16.0%) 23 (16.4%) 3 (13.0%)
Progressive disease 103 (63.2%) 91 (65.0%) 12 (52.2%)
Not evaluable 15 (9.2%) 9 (6.4%) 6 (26.1%)*
DC TKI due to trAEs 0.001
Yes 7 (4.3%) 2 (1.4%) 5(21.7%)
No 156 (95.7%) 138 (98.6%) 18 (78.3%)

TKI, tyrosine kinase inhibitor; ICI, immune checkpoint inhibitor; N/A, not available; DC, discontinue; trAEs, treatment-related adverse events;
PS, performance status; PD, progressive disease. *In the afatinib group, 6 patients were unevaluable for their response to TKI. One of these
patients was lost to follow-up, and the other 5 discontinued TKI due to adverse events. Since afatinib has a higher proportion of adverse effects
than erlotinib, the treatment response of a higher proportion of cases in the afatinib group could not be evaluated.

Thorac Med 2023. Vol. 38 No. 3
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Table 2. Univariate and Multivariable Analysis for Progression-free Survival in Patients with lung Squamous Cell Carcinoma Receiving Tyrosine

kinase Inhibitor Treatment

Variable Univariate HR (95% CI) p value Multivariable HR (95% CI) p value
Age 0.996 (0.983-1.010) 0.616 0.992 (0.977-1.007) 0.307
Sex

Male Reference Reference

Female 0.686 (0.444—-1.060) 0.089 1.262 (0.643-2.477) 0.499
Smoking history

Never-smoker Reference Reference

Smoker 2.127 (1.411-3.208) <0.001 1.924 (0.997-3.714) 0.051
ECOG PS

1 Reference Reference

2 1.547 (1.019-2.348) 0.040 1.499 (0.972-2.311) 0.067

3 1.300 (0.834-2.025) 0.246 1.305 (0.815-2.090) 0.268

4 4.425 (2.345-8.348) <0.001 4.081 (2.121-7.852) <0.001
Line of TKI treatment

<=2 Reference Reference

>=3 1.934 (1.279-2.924) 0.002 1.568 (1.005-2.448) 0.048
TKI type

Erlotinib Reference

Afatinib 0.944 (0.551-1.619) 0.835
Prior ICI

No Reference

Yes 1.348 (0.682-2.666) 0.391
Initial stage

I Reference

v 1.046 (0.738-1.484) 0.800
Brain metastasis before TKI

No Reference

Yes 0.857 (0.563-1.305) 0.472

TKI, tyrosine kinase inhibitor; ICI, immune checkpoint inhibitor; PS, performance status

pendent prognostic factors for PFS using the
multivariable Cox proportional hazard model
(Supplementary Table 1). For patients receiving
afatinib and erlotinib as second-line treatment,
the median PFS was 2.4 (95% CI, 1.8-3.0)
vs. 3.2 (95% CI, 1.9-4.5) months (log rank
p=0.039), respectively (Supplementary Figure
1A).

The prognostic results for PFS in patients
who received EGFR-TKI as their third-line

Thorac Med 2023. Vol. 38 No. 3

or higher treatment were not identical. In the
multivariable Cox proportional hazard model,
ECOG performance status and TKI type were
identified as prognostic factors for PFS (Sup-
plementary Table 2). However, the prognosis in
the afatinib group seemed to be better. For pa-
tients receiving afatinib and erlotinib as second-
line treatment, the median PFS was 4.2 (95%
CIL 1.3-7.1) vs. 2.4 (95% CI, 2.0-2.7) months
(log rank p=0.039), respectively (Supplementary
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A Median PFS (95% Cl)
Afatinib 2.7 (2.2 - 3.2) months
M Erlotinib 2.4 (2.0 — 2.7) months
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B Median PFS (95% CI)
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PD-L1 1-49% 17 5 1 0 0
PD-L1 0% 13 4 2 1 1

Fig. 2. (A) PFS measured from the start of TKI treatment to disease progression or death based on TKI types. (B) PFS based on PD-L1 status

Figure 2B).

Furthermore, we performed sub-group anal-
ysis based on the EGFR-TKI type to investigate
the prognostic factors. We found that the line
of EGFR-TKI treatment was an independent
risk factor only in the erlotinib group (Supple-
mentary Table 3), and not in the afatinib group
(Supplementary Table 4).

Characteristics and clinical outcomes of the
propensity score-matched population

A total of 17 patient pairs from the original
cohort were propensity-score matched, and the
demographic and clinical characteristics were
matched between groups (Supplementary Table
5). As shown in Supplementary Figure 2, there
was no significant difference in the PFS of lung
SqCC patients between those receiving afatinib
and those receiving erlotinib (p=0.66).

Clinical outcomes based on PD-L1 expression
status

Among 35 patients with available PD-L1
data, the PD-L1 expression in 5 patients was
>=50%, in 17 patients was 1-49%, and in 13 pa-
tients was <1% (Table 1). The median PFS was
2.7 months for patients with PD-L1 >=50%,
2.6 months (95% CI, 1.4-3.8) for patients
with PD-L1 1-49%, and 2.4 months (95% CI,
0.7-4.1) for patients with PD-L1 <1% (Figure
2B). There was no significant difference in PFS
across patients with different PD-L1 expres-
sions (p=0.957).

Patients who received both erlotinib and afa-
tinib

Four patients with lung SqCC received
both erlotinib and afatinib. All of them first re-
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Table 3. Clinical Data and Outcomes of Patients Receiving Erlotinib Treatment Before Afatinib Use

Patient number No. 1 No. 2 No. 3 No. 4
Sex Male Female Male Female
Age 56.7 51.0 74.4 68.6
Smoking status Smoker Never-smoker Smoker Never-smoker
Initial stage v v v il
Prior erlotinib treatment
Erlotinib response PR SD SD PR
Erlotinib PFS (month) 14.7 222 243 233
Treatment after erlotinib failure Chemotherapy Chemotherapy Afatinib Chemotherapy
Later afatinib treatment
ECOG PS before afatinib 1 1 2 1
Brain metastasis before afatinib No No No Yes
Afatinib PFS (month) 7.9 3.9 34.7 4.9
Afatinib response SD PD SD SD

PFS, progression-free survival; PR, partial response; SD, stable disease; PD, progressive disease; PS, performance status. The EGFR and PD with
first-line treatment status of the 4 patients were not available.

Table 4. Clinical data of Patients with lung Squamous Cell Carcinoma Discontinuing TKI Treatment Due to Adverse Events

Patient number No. 5 No. 6 No. 7 No. 8 No. 9 No. 10 No. 11
Sex Male Female Male Male Male Male Male
Age 78 71 62 59 75 68 70
PD-L1 status N/A N/A 0% 1-49% 1-49% >=50% N/A
EGFR status N/A Wild-type N/A N/A N/A Mutated Wild-type
Prior ICI No No No No No Yes® No
TKI type Erlotinib Erlotinib Afatinib Afatinib Afatinib Afatinib Afatinib
TKI dose 150 mg 150 mg 30 mg 40 mg 40 mg 40 mg 40 mg
Line of TKI treatment 2 3 3 2 2 2 3
TKI duration (months) 0.6 3.3 0.5 2.3 1.3 0.9 0.5
trAEs

Diarrhea Yes Yes

Rash or acne Yes" Yes®

Stomatitis Yes Yes

Paronychia Yes

Others Fever Pneumonitis

TKI, tyrosine kinase inhibitor; N/A, not available; ICI, immune checkpoint inhibitor; trAEs, treatment-related adverse events. $Pembrolizumab for
2 doses 1 month before afatinib treatment. *Poor drug adherence during the TKI treatment course. #Patient presented with folliculitis. @Patient

presented with a drug eruption.
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ceived erlotinib, followed by afatinib treatment.
Their clinical data and outcomes are shown
in Table 3. Two patients achieved a partial re-
sponse after erlotinib treatment, and the other
2 had stable disease. The PFS with erlotinib
use among these 4 patients was longer than the
median PFS in our study. Three of the patients
received chemotherapy treatment after erlotinib
failure, and the fourth patient received afatinib
immediately after disease progression with er-
lotinib. Three of the patients achieved stable
disease after afatinib treatment.

Treatment-related adverse events with TKIs

Clinical data of lung SqCC patients discon-
tinuing EGFR-TKI treatment due to trAEs are
shown in Table 4. Two patients in the erlotinib
group and 5 in the afatinib group discontinued
EGFR-TKI treatment due to trAEs. For those
discontinuing erlotinib due to trAEs, the dose
they had received was 150 mg. The trAEs were
severe diarrhea and recurrent fever. None of the
patients that received erlotinib after prior ICIs
treatment had discontinued EGFR-TKI due to
trAEs. The dose of afatinib in those patients
discontinuing treatment due to trAEs was 40
mg in 4 patients, and 30 mg in 1 patient. They
discontinued afatinib due to diarrhea, skin
toxicity, paronychia, and pneumonitis. Five
patients received ICls prior to afatinib and 1 of
them discontinued EGFR-TKI treatment due to
trAEs.

Discussion

Although both erlotinib and afatinib are
approved to treat patients with advanced lung
SqCC, the real-world efficacy of these EGFR-
TKIs remains unclear. In this study, we found
that in treating patients with advanced lung

SqCC, there is no difference between erlotinib
and afatinib with regard to PFS. The patient’s
PD-L1 status also did not influence the efficacy
of the EGFR-TKIs. More patients discontinued
afatinib due to adverse events than did those
receiving erlotinib. For some patients with ac-
quired resistance to prior erlotinib treatment, af-
atinib may still provide benefits. Our results in
a real-world setting showed that both erlotinib
and afatinib were treatment choices for patients
with advanced lung SqCC following progres-
sion after first-line treatment.

The benefits of EGFR-TKISs in treating lung
SqCC have been reported in several studies. In
the Br.21 trial, erlotinib improved PFS and OS
in patients with lung SqQCC, compared with pla-
cebo (HR 0.61, p<0.001) [16]. The randomized-
controlled TAILOR and DELTA trials were
conducted to compare the efficacy of erlotinib
against pretreated standard second-line docetax-
el chemotherapy in patients with advanced
NSCLC [13,17]. In the DELTA study, docetaxel
appeared superior to erlotinib in terms of PFS
for patients with non-adenocarcinoma histol-
ogy, based on subgroup analysis [13]. However,
the TAILOR study reported docetaxel had no
significant advantage over erlotinib with regard
to PFS and OS in the SqCC subgroup [17].
Furthermore, in a meta-analysis comparing the
efficacy of EGFR-TKIs and chemotherapy as
second-line treatment for patients with NSCLC,
EGFR-TKIs showed better tolerability and an
OS that was comparable with chemotherapy re-
gardless of the EGFR mutation status [18].

Based on these findings, the randomized-
controlled LUX-Lung 8 study, comparing the
efficacy of second-line treatment with afatinib
or erlotinib in patients with advanced lung
SqCC, was subsequently conducted. In that
study, afatinib was found to have a better PFS
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(2.4 vs. 1.9 months, HR 0.82, p=0.0427) and
OS (7.9 vs. 6.8 months, HR 0.81, p=0.0077)
[7]. A retrospective study also compared the
effectiveness of second-line afatinib versus
chemotherapy for patients with lung SqCC, and
found that afatinib provided patients with a bet-
ter PFS (4.7 vs. 2.6 months, HR 0.53, p=0.013)
and comparable OS (16.0 vs. 12.3 months, HR
0.65, p=0.112) [19]. However, the real-world
effectiveness of erlotinib and afatinib remained
unclear, and EGFR-TKIs were typically applied
as second-line treatment in most of the above
studies. In our present study, we found no dif-
ference between erlotinib and afatinib treatment
regarding PFS among patients with advanced
lung SqCC. The discrepancy in results between
our study and the LUX-Lung 8 study could
be partly explained by the difference in ethnic
populations in the 2 studies, less of a smoking
history in the study population, more patients
receiving EGFR-TKIs as third- or greater line
of treatment, more patients with an ECOG per-
formance status of 2 or higher in our study, and
differences in response to prior chemotherapy
or ICIs between the 2 studies.

Consistent with the LUX-Lung 8 study, ad-
verse events leading to discontinuation of EG-
FR-TKIs in our cohort included diarrhea, skin
toxicity, stomatitis, and paronychia [7]. In pre-
vious reports, the combined use of EGFR-TKIs
and ICIs in EGFR-mutant NSCLC patients
raised concerns about more trAEs. A meta-anal-
ysis reported that trAEs are more common in
combined treatment (EGFR-TKI and ICIs) than
in EGFR-TKI monotherapy in treating EGFR-
mutant NSCLC patients (skin toxicity: odds
ratio [OR] 1.19, p=0.012; gastrointestinal tract
toxicity: OR 1.04, p=0.790, interstitial lung
disease: OR 1.28, p=0.001) [20]. Nowadays,
the introduction of ICIs in the treatment of lung
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SqCC has become a promising choice for se-
lected patients [21]. Are more trAEs a concern
for first-line ICIs treatment followed by EGFR-
TKIs? In our cohort, only 1 of 14 patients that
received ICls before EGFR-TKI discontinued
the EGFR-TKI due to adverse events. Further
studies are warranted to evaluate the adverse
events in combined or sequential use of EGFR-
TKI and ICls.

Four patients in our study received afatinib
with prior erlotinib treatment, and afatinib
provided benefit to 3 of them. Patients No. 1
and No. 4 achieved a partial response after er-
lotinib treatment, and their PFS with erlotinib
was better than the median PFS in our study.
They received chemotherapy after develop-
ing erlotinib resistance, and afatinib was used
after chemotherapy failure. They experienced
stable disease after afatinib treatment. In a ret-
rospective cohort study, 14 patients that had
responded to prior erlotinib were re-treated with
erlotinib after progression to chemotherapy.
Twelve patients (86%) achieved disease con-
trol after re-treatment with erlotinib [22]. The
above-mentioned phenomena may be explained
by a regained TKI sensitivity following the
drug holiday. On the other hand, patient No.
3 responded differently. He developed disease
progression after erlotinib treatment. Afatinib
was prescribed, and he then achieved stable dis-
ease. This implied that for those patients with
acquired resistance to prior erlotinib treatment,
afatinib may still be of benefit.

The expression status of PD-L1 in lung
cancer patients is an important biomarker for
selecting the appropriate first-line treatment.
PD-L1 status can also be a predictor for some
targeted therapies. Patients with EGFR-mutant
lung adenocarcinoma with a high PD-L1 ex-
pression are likely to have a greater chance of
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developing primary resistance to EGFR-TKIs
[9,10]. With regard to ALK fusion, a non-V3a/
b subtype plus positive PD-L1 are associated a
longer OS [11]. Besides, in patients with ROS-1
rearrangement taking crizotinib, a trend toward
longer OS was noted in patients with strong
PD-L1 expression [12]. In our study, with the
limited case number, we found no significant
impact of PD-L1 expression on the outcomes of
lung SqCC patients receiving EGFR-TKIs.

Several limitations of this study are ac-
knowledged. First, the retrospective nature of
the study and the limited number of SqCC pa-
tients receiving EGFR-TKI. Second, more pa-
tients received afatinib than erlotinib as second-
line treatment. These factors may be related
to the existing regulations of National Health
Insurance reimbursement in Taiwan. Third, the
PD-L1 expression and EGFR status were not
evaluated in all of our patients. These limita-
tions may lead to a bias in evaluating treatment
outcomes and contribute to the discrepancy in
the analysis of prognostic factors between dif-
ferent lines of EGFR-TKI treatment and EGFR-
TKI types in this study. Fourth, trAEs were
not comprehensively recorded for most of our
patients. The trAEs were only evaluated and re-
corded for those patients discontinuing EGFR-
TKI treatment. Therefore, we cannot safely
conclude that patients receiving afatinib had
experienced more trAEs than those receiving
erlotinib. Our present results should therefore
be interpreted with caution, and further pro-
spective studies are warranted to validate these
findings.

Conclusion

We found no significant difference in PFS
in patients with advanced lung SqCC treated

with erlotinib or with afatinib. More patients
receiving afatinib discontinued treatment due
to adverse events than did those receiving er-
lotinib. For patients with acquired resistance to
prior erlotinib treatment, afatinib may provide
benefits to a selected group. In a real-world set-
ting, both erlotinib and afatinib can be options
in treating advanced lung SqCC patients who
have progressed after prior treatments.
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Afatinib As Potential Treatment for NRG1 Fusion-
Driven Non-Small Cell Lung Cancer: A Case Report

Chi-Hao Wu', Ching-Han Lai’, Xin-Min Liao'

Driver mutations and tyrosine kinase inhibitors play pivotal roles in the treatment of
advanced stage non-small cell lung cancer. Besides the common mutations, such as in
EGFR, ALK, ROS1, and BRAF, there are some other mutations that are also worth targeting.
With the development of next-generation sequencing technology and new drugs, an
increasing number of mutations can now be targeted to improve the prognosis of non-small
cell lung cancer. One of these uncommon mutations, neuregulin 1 (NRG1) fusion, has rarely
been reported. Here, we reported a case of lung adenocarcinoma with this rare mutation --
NRG1 fusion -- that successfully responded to the drug afatinib. (Thorac Med 2023; 38: 199-

204)

Key words: NRG1 fusion, non-small cell lung cancer, afatinib, ErbB family, RNA-based next-generation

sequencing

Introduction

Oncogenic driver mutations and clinically
available signaling pathway inhibitors have had
a significant impact on non-small cell lung can-
cer (NSCLC) patient management. Currently,
targeted therapies are mainly focused on a few
driver mutations, such as EGFR, ALK, ROS1
and BRAF. Although oncogenic gene fusions
involving an NRG1 alteration are rare, they
have been recently described as a new target in
patients with advanced or metastatic NSCLC.
Here, we describe a patient with stage IV lung
adenocarcinoma harboring NRG1 gene fusions

that had a durable response to the irreversible
pan-ErbB inhibitor, afatinib.

Case Report

A 67-year-old man with a history of hyper-
tension and type 2 diabetes mellitus presented
to our hospital with epigastric pain that he had
experienced for 2 months. He was a retired
teacher. He used to smoke socially when he
was young, and he usually consumed 60-100
ml of Kaoliang (sorghum) liquor every week.
He reported that he had been exposed to pulmo-
nary tuberculosis many years ago; however, the
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chest radiograph during the following 3 years
did not reveal a specific lung lesion. He had lost
approximately 2-3 kg of weight in the 3 months
prior to his initial presentation to our hospital.

Upon arrival at our hospital, a survey of
the patient’s gastrointestinal system, including
abdominal ultrasonography and esophagogas-
troduodenoscopy, was unremarkable. However,
chest radiography revealed a lung mass in the
left lower lobe (LLL). Furthermore, chest com-
puted tomography (CT) revealed a suspected
LLL lung cancer with right lung metastasis
and mediastinal lymphadenopathy. CT-guided
biopsies proved this to be a lung invasive muci-
nous adenocarcinoma without EGFR and ROS1
mutations, or ALK fusion. Immunostaining of
PDLI1 displayed less than 1%. There was no
evidence of brain or bone metastases, and the
initial stage was diagnosed as T1cN3M]a, stage
IV.

The patient received chemotherapy with
pemetrexed plus cisplatin from October 2018 to
January 2019, followed by maintenance chemo-
therapy with pemetrexed until May 2019. He
had no severe adverse events during this period,
and the best response documented by chest CT
during first-line treatment was stable disease.
Nevertheless, the follow-up chest CT on 21
May 2019 showed lung cancer with progres-
sion and new bone metastasis at L3. CT-guided
re-biopsy of the LLL tumor was performed in
June 2019, and the collected tissue was sent for
RNA-based next-generation sequencing (NGS)
(ACTDrug®+), which yielded a CD74-NRG1
mutation.

The patient received second-line chemo-
therapy with Taxotere from early July 2019,
while awaiting the NGS report; however, the
follow-up chest CT in October still showed lung
cancer with progression (Figure 1A). Therefore,

Fig. 1. Chest CT image showing the primary tumor at the left lower lobe before (A), after 3 months (B), and after 21 months (C and D) of afatinib

treatment.
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afatinib was administered to target the CD74-
NRG1 mutation as a third-line therapy in mid-
October 2019. Follow-up chest CT scan on 8
January 2020 showed obvious shrinkage of the
lung cancer (Figure 1B), and partial regression
was considered. On 27 July 2021, the LLL re-
sidual tumor target and right lower lobe meta-
static tumor showed an increase in size (Figure
1C and 1D). Therefore, progressive disease was
considered, and afatinib treatment was discon-
tinued after a total of 21 months. The patient is
still alive, as of this writing, and on treatment.

Discussion

Several extracellular ligands can bind to
the ErbB protein family, which subsequently
influences the intracellular process. These li-
gands can be divided into 2 groups: those that
bind to ErbB1/ErbB4 receptors or to ErbB3/
ErbB4 receptors. Neuregulins, which are com-
posed of NRG1-4, are the ligands that bind
ErbB3/ErbB4. NRGI1 possesses an epidermal
growth factor (EGF)-like domain on the cell
surface. As NRGI is proteolytically cleaved
and released into the cytoplasm, it is primarily
involved in a broad spectrum of cellular pro-
cesses, and is not limited to neural development
[1]. Upon binding of NRG1, the receptors form
either heterodimers or homodimers; this occurs
preferentially with the ErbB2 receptor, resulting
in the activation of downstream intracellular
pathways, including PI3K-AKT and MAPK [2].
Overexpression of NRGI1 on the cell surface,
but not over-secretion, plays an important role
in cell proliferation and oncogenesis [3]. Fur-
thermore, CD74-NRG1 fusion has been shown
to confer cancer stem cell (CSC)-like proper-
ties, including sphericalization, in immature
progenitor-like cells [4].

The NRG1 mutation was first reported in
2014, when Fernandez-Cuesta et al. identified
CD74-NRG1 fusions in invasive mucinous ad-
enocarcinoma [3]. In addition to CD74, at least
17 other fusion partners, including SLC3A2,
SDC4, RBPMS, and WRN, were subsequently
discovered. In an analysis of 21,858 tumor
specimens that underwent anchored multiplex
polymerase chain reaction for targeted RNA se-
quencing, NRGI fusion prevalence was found
to be 0.2%. Of these, CD74 was the most com-
mon partner (29%), followed by ATP1B1 (10%),
SDC4 (7%), and RBPMS (5%) [5].

NGS is an advanced technique used in the
detection of gene mutations. However, in a
large analysis of 17,485 solid tumors, NRG1 fu-
sion was under-detected via DNA NGS [6]. Tar-
geted RNA sequencing could compensate for
this defect, possibly because of the complexity
and diversity of fusion architecture and the
large intronic regions characteristic of NRGI
[7]. Thus, RNA sequencing is more reliable and
sensitive for NRG1 fusion detection than DNA
NGS. To date, immunohistochemistry (IHC)
and fluorescence in situ hybridization (FISH)
techniques have been the primary methods used
to detect oncogenic mutations. FISH has been
successfully used as the primary method to
identify NRG1p NSCLC; however, the specific
fusion partners are unknown in many NRGI
FISH-positive cases [8-9]. Fernandez-Cuesta
and colleagues reported that phospho-HER3
(p-ERBB3) IHC had a sensitivity of 100% and
a specificity of 97.5% among 245 lung adeno-
carcinoma samples [3]. A screening approach
for p-ERBB3 THC, followed by RNA sequenc-
ing, may be an optimal and cost-effective ap-
proach to identify rare fusion cases [10].

Overall, NRG1 fusion is an extremely rare
driver mutation in NSCLC. Several studies
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have shown that the incidence of NRG1 fusion
is approximately 0.14-0.3% [5, 6]. In terms
of tumor pathohistology, invasive mucinous
adenocarcinoma (IMA) is the most common
subtype that harbors NRGI fusion (61%), fol-
lowed by non-specific adenocarcinoma (29%),
and squamous cell carcinoma (6%) [11]. NRGI
fusion is mutually exclusive of KRAS, which is
a common mutation in IMA [5, 6]. The reported
cases tended to be female (66%) and non-smok-
ers (30%), whereas smokers were not as highly
reported (58%) [12]. Most of the work on
NRGT1 fusion was done in East Asia; therefore,
it was thought to be prone to occur among the
Asian population. However, a recent evaluation
of 85 Caucasian lung cancer patients revealed
NRGI rearrangements in 31% of patients with
IMA, indicating that NRG1 is a shared driver
mutation in both Asian and Caucasian ethnici-
ties [13].

As NRGI is the ligand for the ErbB fam-
ily, monoclonal antibodies and tyrosine kinase
inhibitors have potential for future treatment.
Afatinib suppressed ErbB2, ErbB3, and extra-
cellular signal-regulated kinase phosphoryla-
tion, indicating the downregulation of ErbB
signaling in a preclinical model [12]. Another
pan-ErbB kinase inhibitor, tarloxotinib, also
demonstrated efficacy in cell lines and patient-
derived xenografts in a preclinical study [14].
Zenocutuzumab, a monoclonal antibody for
ErbB2 and ErbB3, has shown antitumor activ-
ity against NRG1 fusion-positive cancers [15].
In a review of NSCLC with NRG1 fusions,
afatinib was the most commonly administered
drug, in 7 of 11 patients treated [7]. In another
case series of metastatic NRG1 fusion-positive
tumors treated with afatinib, the duration of the
treatment response of NRG1 fusion-positive
NSCLC ranged from 1.2 months to more than

Thorac Med 2023. Vol. 38 No. 3

27 months, while progression-free survival after
afatinib treatment ranged from 3 to more than
36 months in non-lung cancer subjects [16].
We summarized the data from published case
reports that described responses to afatinib in
patients with solid tumors harboring NRG1 fu-
sions in Table 1 [6, 16-21].

In addition, a patient who was treated with
the anti-ErbB3 molecule GSK2849330 (no lon-
ger in development) developed progressive dis-
ease after a partial response lasting 19 months
[6]. Also, the monoclonal antibodies lumretu-
zumab and zenocutuzumab showed a duration
of response ranging from 4 months to more
than 7 months, although most treatment courses
are still ongoing [15, 22].

The prognosis of NRGI fusion in IMAs
remains unclear. In a study evaluating a series
of 59 patients with IMA, patients with NRGI
fusions had poorer overall survival than those
without NRG1 fusions (median 51.9 months vs.
not reached; P =0.019) [9]. In contrast, another
study showed that there was no prognostic dif-
ference between patients with or without NRG1
fusions [23].

Our patient had characteristics similar to
those of the reported NRG1 fusion cases. The
pathological cell type was IMA and was free
from common mutations, including EGFR,
ALK and ROS-1. He had the most commonly
found fusion, CD74- NRG1, and the treatment
response was longer than 12 months, which is
above the average of reported cases. However,
further investigation is needed to understand
this rare mutation, including the core mecha-
nism of NRG1 fusion development and the
responses of different NRG1 fusion subtypes to
different target therapies, so as to provide po-
tentially better treatment for patients.
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Chest Wall Tuberculosis Mimicking Parasitic Infection:
A Case Report

You-Lung Chang', Chien-Hong Chou'’

Tuberculosis has long been known as the "great mimicker" because of its ever-changing
presentation. Here, we reported the case of a young Filipino with asthma who initially
presented with intermittent right upper quadrant abdominal pain. Further laboratory studies
revealed high serum eosinophilia and eosinophil-predominant pleural effusion, which almost
misled us to the diagnosis of parasitic infection, based on parasite findings in the stool. The
definite diagnosis of chest wall tuberculosis was made based on the results of computed
tomography and surgical procedure of the chest wall. (Thorac Med 2023; 38: 205-208)

Key words: mycobacterium, eosinophilia, pleural effusion, parasite, eosinophilic granulomatosis with

polyangiitis

Introduction

Tuberculosis (TB) has long been known
as the “great mimicker” because of its many
different manifestations. In the radiographic
examination, TB may mimic common bacterial
pneumonia or malignancy [1]. In the clinical
exam, TB may mimic rheumatologic disease
or parasite infection [2]. Here, we report the
case of an asthmatic young Filipino presenting
with high serum eosinophilia and eosinophil-
predominant pleural effusion, which almost
misled us to the diagnosis of parasitic infection
or eosinophilic granulomatosis with polyangi-
itis (EGPA), based on his history of asthma, the
high percentage of eosinophils (>50%) in the

pleural effusion, and the parasite finding in the
stool.

Case report

A 23-year-old Filipino, who had a medi-
cal history of mild asthma since childhood,
with 1-2 exacerbations per year and occasional
use of a metered dose inhaler, came to Taiwan
about 1 year ago. During the last 6 months, he
suffered from intermittent sharp right upper
quadrant abdominal pain and tenderness, radiat-
ing to the right back, with a score of 7-8 out of
10 on deep breathing. The pain was relieved if
he attempted shallow breathing, and had wors-
ened in most recent 3 months. He denied fever,
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cough, dyspnea, nausea, vomiting, or diarrhea.

The abdominal echography performed in
the outpatient department revealed moderate
right pleural effusion. Physical examination
showed decreased breathing sounds in the right
lung, but no local tenderness. Laboratory se-
rum data showed the following: total protein
6.5 g/dL, lactate dehydrogenase (LDH) 593 U/
L, white blood cells (WBC) 10.74 k/uL, neu-
trophils 50.3%, eosinophils 20.8%, absolute
eosinophil count 2233/uL, and IgE 991 IU/ml.
A subsequent pleural effusion study revealed
a yellow cloudy appearance with the follow-
ing biochemical findings: protein 6486 mg/dL,
LDH 593 U/L, WBC 10500/uk, lymphocytes
12%, eosinophils 81%, and adenosine deami-
nase 16U/L, but a negative acid-fast stain and
TB culture. In view of the high serum eosino-
philia, eosinophil-predominant pleural effusion
and asthma, parasitic infection or EGPA was
highly suspected after systemic review. Tracing
back his medical history, he sometimes walked
barefoot in daily life, had a pet dog 7 years ago
and had eaten undercooked beef for the last 1
year. In addition, he was a homosexual. EGPA
was tentatively excluded because only asthma
and eosinophilia met the diagnostic criteria.
Subsequent investigations were unrevealing,
including negative results for the following:
sputum TB polymerase chain reaction (PCR),
parasitic ova in the pleural effusion, serum HIV
screen, and rheumatologic profile (ANA, anti-
ENA, c-ANCA, p-ANCA).

A later stool egg concentration examination
revealed Blastocystis hominis. However, after
use of metronidazole at 250 mg tid po for 10
days, followed by 750 mg tid po for 7 days, the
follow-up pleural effusion study still showed a
high percentage of eosinophil counts (protein
6260 mg/dL, WBC 5020/pk, lymphocytes 14%,

Thorac Med 2023. Vol. 38 No. 3
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Fig. 1. fluid accumulation or soft tissue lesion with destruction and
erosion of the 6th and 7th ribs in the right 5th-7th intercostal space

eosinophils 74%), despite recovery of serum
eosinophilia (serum eosinophils 6.3%, absolute
counts 593 per microliter) and that pleural bi-
opsy revealed merely fibrosis.

Finally, chest computed tomography (CT)
disclosed fluid accumulation or soft tissue le-
sion with destruction and erosion of the 6th
and 7th ribs in the right 5th-7th intercostal
space (Figure 1). The patient underwent chest
wall debridement and partial rib resection with
uniportal video-assisted thoracic surgery de-
cortications. Pathology showed a positive TB
PCR and granulomatous inflammation with
some acid-fast bacilli from the chest wall and
pleura specimen. After 2 months of anti-TB
medication treatment with a HERZ regimen (a
fixed-dose combination regimen with isoniazid,
rifampicin, ethambutol and pyrazinamide), the
follow-up chest radiograph revealed no further
pleural effusion, and laboratory studies showed
no more eosinophilia (serum eosinophil 2.8%,
absolute counts 152 per microliter).

Discussion

Chest wall TB is a rare presentation, ac-
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counting for only 1 to 2 percent of all cases of
TB [3]. TB is also an uncommon cause of eo-
sinophilic pleural effusion (EPE) [4]. Here, we
presented a case with chest wall TB manifesting
EPE. EPE is de-fined as pleural effusion with
greater than 10% eosinophil counts, and it ac-
counts for 5-16% of exudative pleural effusions
[5]. EPE is associated with many diseases, such
as malignancies, infections (e.g., bacteria, fungi
or parasites), autoimmune diseases, pulmonary
embolism, drug reactions, chest trauma, and
many others [6]. Serum eo-sinophilia is found
in up to 75% of patients with EPE [5].

EGPA was suspected in this case because
the patient had a history of asthma, pe-ripheral
blood eosinophilia and a high percentage of eo-
sinophils in the pleural effu-sion, but was ruled
out, because a late onset and difficulty in treat-
ing asthma were the characteristics of EGPA [7-
8]. TB-induced EPE was not initially suspected
because the most common cause of secondary
eosinophilia is parasitic infection, and parasitic
effusion usually has a high percentage of eo-
sinophil counts [9-10]. Tong et al. report-ed that
the mean eosinophil and lymphocyte propor-
tions in parasitic pleural effusions were signifi-
cantly higher and lower, respectively, than that
of TB pleural effusions, at 78.13% + 21.60%
and 7.27% + 5.61%. Hwang et al. also found
that most patients with paragonimiasis-related
pleural effusions had low levels of lymphocytes
(<50%) and significantly more eosinophils
(>10%) in their pleural effusions [9, 11].

However, low ADA levels in the pleural ef-
fusion misled us to the possible diag-nosis of
parasitic infection. According a meta-analysis
published in 2019, the sensi-tivity, specificity
and diagnostic odds ratio of ADA to TB pleu-
ral effusion were 0.92 (95% CI: 0.90-0.93),
0.90 (95% CI: 0.88-0.91) and 97.42 (95% CI:

74.90-126.72), respectively [12]. High ADA
levels are considered to be a sensitive and spe-
cific marker for diagnosing TB pleural effusion,
but can also be found in pneumonia, em-pyema,
and neoplasm [13-14]. ADA2, the isoenzyme of
ADA, and the ratio of ADA1/ADAp may im-
prove performance in sensitivity and specificity
(100% and 92-97%), but the additional labora-
tory process is rather difficult and expensive
[15].

Asymptomatic Blastocystis hominis infec-
tion with hypereosinophilia has been reported
in Taiwan, but treatment was not suggested in
most medical literature [16-17]. We treated the
patient with metronidazole, because initially
there was no evi-dence of an etiology of eosino-
philia other than Blastocystis hominis. Recov-
ery from serum eosinophilia under treatment
with metronidazole may be explained in part by
its effect on TB under anaerobic conditions [18].

In conclusion, TB is so far the “great mim-
icker”, and we should not rule out the possibil-
ity of TB infection until there is clear evidence
of parasitic or other etiolo-gies.
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Immune Checkpoint Inhibitors-Related Interstitial
Lung Disease Presenting as Usual Interstitial
Pneumonia in a Patient with Small-Cell Lung Cancer:
A Case Report and Literature Review

Hsiao-Chin Shen', Chi-Lu Chiang’

Immune checkpoint inhibitors (ICls) such as programmed death (PD) 1 and PD ligand 1
inhibitors have proved to be effective in the treatment of advanced lung cancer. However, ICls
can also stimulate the immune system, resulting in immune-related adverse events (irAEs).
ICl-induced pneumonitis, which is an irAE in the lung, displays a wide range of imaging
features, including usual interstitial pneumonia (UIP), although this is relatively rare. The
treatment for symptomatic ICl-induced pneumonitis involves stopping ICls and administering
systemic steroids. If the initial symptoms do not improve, a titrated steroid dose and additional
immunosuppression can be considered. In this study, we reported the case of a patient with
advanced small-cell lung cancer who received ICls. This patient developed pneumonitis
presenting an UIP pattern after a few courses of ICls. She was successfully treated with
steroid pulse therapy and mycophenolate mofetil. We described the imaging characteristics,
and discussed the management strategies for this adverse event in patients with lung cancer
treated with ICls. (Thorac Med 2023; 38: 209-216)

209

Key words: immune-related adverse events, pneumonitis, usual interstitial pneumonia

Introduction

Treatment for advanced lung cancer has
evolved to include chemotherapy, targeted ther-
apy, and immune checkpoint inhibitors (ICIs)
for selected patients in the first-line setting [1].
ICIs enhance antitumor activities, but they can
also stimulate the immune system, resulting in
immune-related adverse events (irAEs), such as
pneumonitis [2]. Pulmonary irAEs can be sche-

matically divided into ICI-induced pneumonitis
and sarcoidosis-like reactions. ICI-induced
pneumonitis may display a wide range of imag-
ing features, which are not classifiable as any
specific pattern in some cases. The most fre-
quent imaging pattern of ICI-induced pneumo-
nitis is organizing pneumonia (OP) [3]. Usual
interstitial pneumonia (UIP) is a relatively rare
imaging pattern of ICI-induced pneumonitis.
We herein report the case of a patient with ICI-
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induced pneumonitis presenting UIP. Clinical
and radiographic improvements were noted af-
ter treatment with corticosteroid and mycophe-
nolate mofetil (MMF).

Case Description

A 63-year-old female patient received a
diagnosis of extensive-stage small-cell lung
cancer (ES-SCLC) in April 2020. The clinical
staging was IVB (¢cT4N3Mlc) with multiple
liver metastases. The initial chest computed
tomography (CT) in April 2020 (Figure 1) re-
vealed a mass lesion at the right lower lobe as
the primary lung cancer, without ground-glass
opacities (GGOs), reticulation, traction bronchi-
ectasis, or other imaging features of interstitial
lung disease. The patient had never smoked and
had no history of exposure-evoked chronic hy-
persensitivity pneumonitis or familial or chron-

2020 2020
May Jul

ic drug-induced pneumonitis. This indicated
that pre-existing idiopathic pulmonary fibrosis
was unlikely.

The patient had participated in a clinical
trial and received chemotherapy combined with
atezolizumab as first-line treatment beginning
in May 2020. After 4 cycles of chemotherapy
combined with atezolizumab and 4 cycles of
maintenance atezolizumab, the patient com-
plained of intermittent shortness of breath and
desaturation, and chest CT revealed a decrease
in the size of the primary and liver metastatic
tumors, but an increase in subpleural interlobu-
lar septa thickening in the lungs. Grade II ICI-
induced pneumonitis was diagnosed (severity of
pneumonitis was defined according to the Com-
mon Terminology Criteria for Adverse Events,
version 4.0), and treatment with methylpred-
nisolone at 8 mg/day was begun in September
2020 (Figure 1). The patient had no symptoms

2020 2020
Oct Nov

Atezolizumab

Fig. 1. Chest computed tomography (CT) images.

The patient underwent a clinical trial with atezolizumab plus chemotherapy. She was diagnosed with atezolizumab-induced pneumonitis

after 4 months, identified by the presence of subpleural reticulation on the CT scan. Methylprednisolone was then prescribed in September

2020. The CT scan images were taken at the time of the cancer diagnosis, during atezolizumab treatment, at the atezolizumab-induced

pneumonitis diagnosis, and during the deterioration of pneumonitis, respectively.

Thorac Med 2023. Vol. 38 No. 3



ICI-Related ILD as UIP in Small-Cell Lung Cancer: A Case Report & Review 211

Table 1. The patient’s Pulmonary Function Tests

2020/3 2020/09 2020/12 2021/01
(Baseline) (Atezolizumab) (Pneumonitis) (After steroid +MMF)
FVC (% prediction) 2.43 (95) 1.85(74) 1.64 (65) 1.75 (70)
FEV1 (% prediction) 1.52 (75) 1.53(77) 1.4 (70) 1.5 (76)
FEVI/FVC (%) 81 82 85.46 86
DLco (% prediction) 38 19

Pulmonary function tests were performed at the baseline of cancer diagnosis, during atezolizumab treatment, at the pneumonitis diagnosis, and

after steroid combined with MMF treatment, respectively. FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; DLco, diffu-

sion capacity of carbon monoxide.

related to connective tissue disease and was
serologically negative for all auto-antibodies. A
pulmonary function test revealed a reduction in
gas exchange and restrictive ventilatory impair-
ment (Table 1).

Atezolizumab therapy was restarted after
clinical improvement was seen in the respira-
tory symptoms and with steroid tapering. How-
ever, after 2 cycles of atezolizumab, the patient
developed progressive dyspnea on exertion. She
became oxygen-dependent, requiring 4-5 L of
oxygen through a nasal cannula at all times.

In November 2020, we performed whole
body positron emission tomography, which re-

vealed diffuse interlobar septal thickening with
infiltrative fluorodeoxyglucose uptake, which
was more prominent in the bilateral lower
lungs. Moreover, we noted subpleural reticula-
tion with peripheral traction bronchiectasis and
bilateral lower lung honeycombing, compatible
with a UIP pattern (Figure 2). Based on the di-
agnosis of grade III ICI-induced pneumonitis,
we prescribed empirical antibiotic therapy with
levofloxacin and administered steroid pulse
therapy (methylprednisolone 500 mg/day for
3 days). The steroid was tapered after pulse
therapy (methylprednisolone 62.5 mg/day for 2
days, followed by 31.25 mg/day for 3 days, and

Fig. 2. Chest computed tomography performed 8 months after the first atezolizumab administration.

The interstitial abnormality exhibited reticulation with peripheral traction bronchiectasis (blue arrowheads). Honeycomb lesions appeared

in the lower lobe (red arrow).

Thorac Med 2023. Vol. 38 No. 3
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2020 Nov

2020 Dec

2021 Feb

MMF (1000mg/day) 2020/11/11 —2021/1/6

16
MTP(mg/day)

16 -
therapy

8 6 4

Fig. 3. Treatment course and representative clinical image after the deterioration of atezolizumab-induced pneumonitis.

Steroid pulse therapy (methylprednisolone 500 mg/day for 3 days) and mycophenolate mofetil (MMF) were administered to treat the

pneumonitis deterioration. Chest CT revealed improvements in pneumonitis after pulse therapy and MMF. Chest radiographs were taken

before pulse therapy, after pulse therapy, and after MMF therapy, respectively

then 8 mg/day).

However, because of an inadequate clinical
response to steroid pulse therapy, we adminis-
tered MMF (1000 mg/day) 2 days after pulse
steroid therapy. After 2 weeks, the patient no
longer required oxygen support, and a chest CT
in December 2020 revealed improvements in
the pneumonitis (Figure 3). In addition to the
clinical and radiological improvements, a fol-
low-up pulmonary function test in January 2021
revealed a slight improvement in the forced vi-
tal capacity (Table 1). Based on the stability of
the clinical symptoms and on chest radiograph
results, we stopped the MMF treatment in Janu-
ary 2021, retaining oral corticosteroid (methyl-
prednisolone 4 mg/day). However, the patient
developed tumor progression in May 2021.

Discussion

Thorac Med 2023. Vol. 38 No. 3

ICIs such as programmed death (PD) 1 and
PD ligand 1 inhibitors have proved to be effec-
tive and have become the standard of care in the
treatment of lung cancer [2]. Atezolizumab, a
PD ligand 1 inhibitor, in combination with che-
motherapy can prolong survival in patients with
ES-SCLC. ICI-induced pneumonitis is reported
to be one of the most common pulmonary-re-
lated irAEs, with an incidence of approximately
1%-5% [2]. The higher incidence of pneumo-
nitis among patients with non—small-cell lung
cancer receiving immunotherapy might be due
to these patients being more prone to drug-
related toxic effects on the lung. This would be
exacerbated by a history of smoking, damaged
underlying lung parenchyma, chronic obstruc-
tive pulmonary disease (COPD), and pulmonary
fibrosis [2, 4-6]. An existing or large tumor bur-
den in the lung and combination therapy may
also be risk factors for ICI-induced pneumonitis
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[2], and a prospective study revealed a poor
performance status as another potential risk fac-
tor for this condition [7].

Radiologic diagnosis of ICI-induced pneu-
monitis is challenging because of the lack of
typical imaging findings. ICI-induced pneumo-
nitis may display a wide range of imaging fea-
tures, rather than a specific pattern. Moreover,
ICI-induced pneumonitis is a dynamic process,
and evolves over time. The presence of under-
lying abnormalities, such as COPD or tumoral
spread, may make the identification of ICI-
induced pneumonitis-related features even more
difficult [3, 8-10]. The main radiologic patterns
of presentation are summarized in Table 2 [11].
The most frequent imaging pattern of ICI-
induced pneumonitis is OP; other main patterns
of ICI-induced pneumonitis are nonspecific
interstitial pneumonia (NSIP), hypersensitivity
pneumonitis, acute interstitial pneumonitis or
diffuse alveolar damage, a“tree in bud” appear-
ance, and isolated pulmonary nodules or mass-
like lesions. Finally, imaging findings do not

always meet the criteria of a specific pattern,
such as with diffuse or patchy GGOs, which can
be categorized as an unclassifiable pattern [11].
In the present case, ICI-induced pneumonitis
was indicated by the presence of a subpleural
reticular shadow with traction bronchiectasis
and honeycombing predominantly in the lower
lobes, which is comparable to a UIP pattern
based on recently developed criteria [12], as
reported in other cases [13-14]. In these case re-
ports and in our case, the ICI-induced pneumo-
nitis with UIP image patterns had similar clini-
cal characteristics, and the pulmonary function
test findings identified ICI-induced pneumonitis
with other common patterns, such as OP or
NSIP.

Progressive cancer lesions and infection
are frequent complications that may develop in
patients with lung cancer. Thus, a chest CT scan
with contrast should be performed to eliminate
differential diagnoses and provide evidence
for ICI-induced pneumonitis. Moreover, bron-
choscopy with bronchoalveolar lavage, with or

Table 2. Imaging Feature Findings of the Most Frequent Radiologic Patterns of Immune Checkpoint Inhibitors-Induced Pneumonitis

Radiologic Pattern

Imaging Features

(0l Patchy alveolar consolidations and/or GGOs

NSIP Bilateral GGOS with reticulations

Hp Bilateral GGOs, centrilobular micronodules, and patchy hypo-attenuat-
ed lobules

AIP/DAD Diffuse GGOs with alveolar consolidation in the dependent parenchyma

Bronchiolitis Centrilobular micronodules with a tree-in-bud appearance and bronchial

wall thickening

Pulmonary nodules or mass-like lesions

Unclassifiable pattern

Sarcoidosis-like

Solitary nodule or mass
Abnormalities with no typical aspect/distribution or isolated features

Symmetrical bilateral hilar and mediastinal enlargement, bilateral mi-

cronodules in a peri-lymphatic distribution

AIP/DAD, acute interstitial pneumonitis/diffuse alveolar damage; GGOs, ground-glass opacities; HP, hypersensitivity pneumonitis; ICI, immune

checkpoint inhibitor; NSIP, nonspecific interstitial pneumonia; OP, organizing pneumonia. Reference: J Thorac Oncol 2021 Sep; 16(9): 1449-1460.
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without biopsies, can help exclude the presence
of infections or tumor progression and can pro-
vide evidence of immune-related pneumonitis;
for example, a high percentage of lymphocytes
may reveal the presence of lymphocytic alveo-
litis [10, 15]. The treatment for ICI-induced

Hsiao-Chin Shen, Chi-Lu Chiang

pneumonitis differs between symptomatic and
asymptomatic patients. Several oncology-relat-
ed associations have issued recommendations
for the management of pulmonary irAEs (Table
3) [16]. For asymptomatic ICI-induced pneu-
monitis, ICI might be continued with careful

Table 3. Management of Pneumonitis in Patients Treated with Immune Checkpoint Inhibitors (ICI) According to the American Society of Clinical

Oncology (ASCO) and European Society for Medical Oncology (ESMO)

ESMO [18]

ASCO [19]

ICI management

Grade 1

Consider delay of treatment

Hold ICI

Treatment of pneumonitis

No specific treatment

No specific treatment

Patient monitoring

Monitor symptoms every 2-3 days

Clinically monitor patients weekly,
and 1 chest CT scan to be repeated in 3-4
weeks

Drug re-challenge

ICI management

No specified recommendation

Grade 2
Hold ICI

Yes, if radiographic evidence of improve-
ment or resolution

Hold ICI

Treatment of pneumonitis

Prednisone 1-2 mg/kg/day orally and taper
over 6 weeks

Prednisone 1-2 mg/kg/day orally and taper
over 4-6 weeks

Patient monitoring

Bronchoalveolar lavage: optional.

Monitor symptoms daily, repeat chest radiog-
raphy weekly, lung function tests including
TLCO

Bronchoscopy with bronchial aspiration:
optional

Monitor every 3 days with history, physical
examination and pulse oximetry, consider
chest radiograph

Drug re-challenge

ICI management

No specified recommendation
Grade 3/4

Discontinue ICI

Yes, if resolution to grade @1

Discontinue ICI

Treatment of pneumonitis

» Empirical antibiotics

* (Methyl)prednisolone i.v. 2-4 mg/kg/day;
taper corticosteroids @18 weeks.

* Ifno improvement after 48 h, add
infliximab 5 mg/kg or MMF

* Empirical antibiotics

* (Methyl)prednisolone i.v. 1-2 mg/kg/day;
taper corticosteroids over 4-6 weeks.

* Ifno improvement after 48 h, may add
infliximab 5 mg/kg or MMF 1 g twice a
day or i.v. immunoglobulins for 5 days or
cyclophosphamide

Patient monitoring

Bronchoalveolar lavage: optional. Hospital-
ization

Bronchoalveolar lavage: recommended.
Hospitalization

Drug re-challenge

No specified recommendation

No

ICI, immune checkpoint inhibitors; CT, computed tomography; TLCO, transfer factor of the lung for carbon monoxide; i.v., intravenous; MMF,

mycophenolate mofetil.
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monitoring. If symptoms appear, ICI should be
interrupted, and treatment with corticosteroids
should be started in the absence of documented
pulmonary infection. A higher dose of meth-
ylprednisolone (e.g., 1000 mg) can be consid-
ered for patients with acute respiratory failure.
In clinical trials, 70%-100% of cases of ICI-
induced pneumonitis have been resolved with
appropriate treatment, with a time to resolution
of 3-6 weeks [17]. In the absence of improve-
ments within 2 days, the use of an immunosup-
pressive drug, such as infliximab, MMF, cyclo-
phosphamide, or intravenous immunoglobulins,
might be considered [18, 19]. In our case, grade
I ICI-induced pneumonitis was resolved after
corticosteroid therapy combined with an immu-
nosuppressive agent (i.e., MMF).

Some studies have found that patients who
experience irAEs may have a better treatment
response [20, 21]. In general, rechallenge with
ICI after irAEs and while recovering is feasible
[20], but some fatalities have been reported
[22]. Rechallenge with ICI therapies after the
occurrence of ICl-related pneumonitis may be
considered. The European Society for Medi-
cal Oncology (ESMO) [18] and the American
Society of Clinical Oncology (ASCO) [19] both
recommend that drug rechallenge can remain an
option in patients with low-grade pneumonitis
(Table 3).

Conclusion

We reported a rare case of ICI-induced
pneumonitis presenting a UIP pattern. The clini-
cal characteristics and pulmonary function test
findings were similar to those of other cases of
ICI-induced pneumonitis. Similar to other types
of symptomatic ICI-induced pneumonitis, ICI-
induced UIP is treated with systemic steroids. If

a course of steroids does not reduce the severity
of initial symptoms, additional immunosuppres-
sants such as MMF should be considered with-
out delay.
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Recurrent Solitary Fibrous Tumor of the Pleura after
Surgical Resection in a 62-year-old Male

Yang-Han Lin', Jiunn-Min Shieh’

Solitary fibrous tumor (SFT) is a rare neoplasm derived from mesenchymal tissue. The
pleura is the most common site of SFT, and the diagnosis is based on the pathologic study of
a tissue specimen. The standard management of SFT is surgical excision, although the risk of
local recurrence and metastasis after surgery has been frequently noted. We reported a male
patient who was a heavy smoker and had chronic cough symptoms for 20 years. Right lower
lung tumor was incidentally found during a hospital visit. The biopsy result confirmed the
diagnosis of SFT, and the patient underwent tumor excision. Two episodes of local recurrence
of SFT were noted, 1 at 6 years and 1 at 9 years, respectively, after the first surgery. Surgical
tumor resection was performed at each recurrent episode. (Thorac Med 2023; 38: 217-221)

Key words: solitary fibrous tumor, surgical resection, local recurrence

Introduction

Solitary fibrous tumor (SFT) is a rare neo-
plasm derived from mesenchymal tissue. Ac-
cording to a review article from the United
States, SFT accounts for only about 2% of soft
tissue tumors [1]. The possible sites of SFT
include the thoracic cavity, peritoneal cavity,
central nervous system, and deep soft tissue [1].
The pleura is the most common site of SFT, but
the frequency (2.8 per 100,000 individuals) is
still lower than that of other pleural tumors [2].
Pleural SFT can cause pulmonary symptoms
such as cough, shortness of breath, and chest

pain. Paraneoplastic syndrome is also found in
patients with SFT. But most patients are asymp-
tomatic, and the tumors are incidentally found
by chest radiography during hospital visits [2,
3]. Surgical resection is the standard manage-
ment of localized SFT. Most SFT are stable
after complete resection, with a 5-year survival
rate up to 84%, but there is still a risk of recur-
rent disease [4]. Those cases may need repeated
surgery or adjuvant radiation therapy. We report
the case of a male patient with an intra-thoracic
SFT with recurrence, even after complete tumor
resection.
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Fig. 1. (A) Initial chest radiography showed right lower lung field consolidation. (B) A chest computed tomography coronal view revealed a huge

lobulated mass with right middle lobe and right chest wall involvement.

Case Report

This 62-year-old male had a smoking his-
tory of about 1 pack per day for 25 years. He
presented with chronic cough with scanty
sputum for 20 years. Right middle lung field
consolidation was incidentally found by chest
radiography during a health examination (Figure
1A). A chest computed tomography (CT) scan
revealed a lobulated mass lesion about 12.2 x 5.6
x 11.5 cm in the right lower lung region, with
involvement of the right middle lobe and right
chest wall (Figure 1B). CT-guided biopsy was
arranged for tissue diagnosis. In the histopatho-
logic report of the biopsy, immunohistochemi-
cal staining revealed the tumor cells were posi-
tive for CD34, CD99, and BCL-2; therefore,
SFT was suspected. A huge lobulated tumor
with an irregular surface and hypervascular-
ity was found in the right anterior lateral chest
wall during the thoracotomy. The tumor also
involved the right 5th and 6th ribs and partial

Thorac Med 2023. Vol. 38 No. 3

Fig. 2. Surgical resection of the right chest wall tumor. The specimen
showed an irregular and hypervascular surface.

right middle lobe. Resection of the chest wall
tumor and wedge resection of the right middle
lobe were performed (Figure 2).

No evidence of recurrence was noted until
6 years later. Right lower lung region nodular
opacity was found by plain film radiography of
the chest (Figure 3A). A chest CT scan revealed
a tumor lesion at the right anterior lower lung
region (6.6 x 1.6 x 5.6 cm) (Figure 3B). Under
the impression of a recurrent SFT, the patient
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Fig. 3. (A) Six years after surgical resection, chest radiography revealed a nodular opacity at the right lower lung field. (B) A chest computed

tomography coronal view showed a tumor lesion at the right anterior lower lung region. Recurrent solitary fibrous tumor of the pleura was

suspected.

underwent video-assisted thoracic surgery. A 6
x 6 cm lobulated tumor with chest wall invasion
was found at the right pleural base, and tumor-
wide excision was performed. The pathologic
report revealed positive immunostaining for
CD34 and STAT6, which confirmed the diag-
nosis of recurrent SFT (Figure 4). However,
a second local recurrence was noted 3 years
later. Chest CT scan once again showed a right
chest wall tumor, and he was referred to the
surgeon for a third surgical intervention (Figure
5). Right lower chest wall tumor with central
necrosis was found intraoperatively. The patient
underwent tumor resection and reconstruction
of the chest wall. Locally recurrent SFT was
confirmed again by pathologic study (Figure 6).

Discussion

SFT of the pleura seldom cause clinical
symptoms, and asymptomatic tumors are de-

Fig. 4. (A) Hematoxyhn and eosin stain of the tumor (4OX)
(B) Hematoxylin and eosin stain of the tumor (400X)

showed pleomorphic cells mixed with collagen in a
haphazard arrangement. (C) Tumor cells showed positive
immunostaining for CD34. (D) Tumor cells showed positive

immunostaining for STAT6.

tected by routine radiograph. Once the tumor
lesion is suspected by chest X-ray, CT can pro-
vide a clear image of its size and localization.

Thorac Med 2023. Vol. 38 No. 3
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Fig. 5. Three years after the second surgery, a chest computed
tomography axial view found a right chest wall tumor
adjacent to the previous surgical site.

Fig. 6. (A) Hematoxylin and eosin stain of tumor cells (400X)
showed a patternless arrangement and some mitotic cells. (B)
Tumor cells were positive for immunostaining of STAT6.

SFT presents as a homogeneous, well-defined,
lobular mass that adheres to the pleura. As a
large tumor, it may compress adjacent structures

Thorac Med 2023. Vol. 38 No. 3

and cause atelectasis or displacement of bron-
chi and vessels [5]. Diagnosis of SFT requires
biopsy to identify typical morphologic and im-
munostaining features. Morphologic features
may include variably pleomorphic spindle cells
with collagen and a patternless arrangement.
In our case, immunostaining showed positive
for CD99, CD34, and BCL-2. Nuclear staining
of STAT6 has high specificity in SFT. STAT6
staining can be used to differentiate SFT from
other soft tissue tumors [1, 4, 6].

Surgical resection is a standard treatment
and is widely applied with SFT of the pleura.
The 5-year local recurrence rate and metastatic
rate after surgical resection were 29% and 34%,
respectively, in a multicenter study [4]. Features
such as older age (=55 years), hypercellularity,
increased mitosis (mitotic figures =4/10 high-
power fields), presence of tumor necrosis, and
tumor size greater than 10 cm were correlated
with a higher recurrence rate. Of the above risk
factors, tumor size greater than 10 cm has the
highest hazard ratio of recurrence [6-8].

Our patient experienced 2 episodes of lo-
cal recurrence in 9 years of follow-up. The
pathology report of the first surgery showed the
number of mitotic figures was 2/10 high-power
fields, and no hypercellularity or tumor necrosis
was observed. We suggested that the large tu-
mor size may account for the local recurrence.
Even if surgical resection is considered at first,
there are still some patients who are inoper-
able or without clear surgical margins. Medical
treatment can be used as first-line or adjuvant
therapy in those patients.

Pazopanib is an inhibitor of vascular en-
dothelial growth factor receptors. In a phase
II trial, pazopanib was prescribed for patients
with unresectable and metastatic SFT; 58% (18
of 31) of the patients had a partial response.
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Median progression-free survival and median
overall survival were 9.8 months and 49.8
months, respectively. These results showed the
therapeutic effect of pazopanib on advanced
SFT [9]. Chemotherapy can be considered in
locally advanced SFT, but the results are less
effective. A retrospective study reviewed the
response to conventional chemotherapy in 21
cases of unresectable SFT. Doxorubicin-based
or gemcitabine-based regimens were prescribed
in most cases. No complete or partial response
was reported in this study [10]. Radiation
therapy may play a role in the management of
SFT. Favorable results with local control were
reported in single management of metastatic tu-
mors, or adjuvant therapy in cases with unsafe
surgical margins [11, 12]. However, the clinical
evidence for chemotherapy and radiation thera-
py in SFT of the pleura is still controversial due
to limited case numbers in clinical studies.

Conclusion

SFT of the pleura is usually asymptomatic.
Complete surgical resection with an adequate
excision margin is the preferred management.
Histopathologic features can estimate risk of
recurrence and metastasis after surgery. There
is no definite role for medical treatment, such
as radiation therapy, chemotherapy, or targeted
therapy. But for those patients who are not able
to undergo surgery, medical treatment may be
another option for disease control.
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Late-Onset Rrespiratory Failure in Organophosphate
poisoning

Wei-Hung Chang', Chi-Feng Huang'

Organophosphate poisoning is not uncommon in Taiwan. We encountered a patient
with organophosphate poisoning who initially showed non-specific symptoms, a late-onset
intermediate syndrome presenting with abrupt respiratory failure following acute cholinergic
crisis, and improvement in the condition after appropriate treatment with pralidoxime and
atropine. Based on toxic studies present in the literature, organophosphate poisoning has a
high mortality rate if the treatment is inappropriate or underestimated. (Thorac Med 2023;

38: 222-227)

Key words: organophosphate poisoning (OP), intermediate syndrome (IMS), late-onset respiratory

failure

Introduction

Organophosphate (OP) pesticides are
widely used in agriculture. OP poisoning is not
uncommon in suicidal patients in Taiwan, be-
cause these pesticides are readily available in
the marketplace. A patient can be recognized as
having possible OP poisoning by typical cho-
linergic signs, including increased secretions
(bronchorrhea, salivation, tearing, or sweating),
bradycardia, vomiting, and increased gastroin-
testinal motility (diarrhea or cramping), miosis,
muscle fasciculation, and even coma resulting
from severe exposure. Herein, we report a case

of OP poisoning, with the intent that clinicians
will become more aware of this potentially fatal
condition. [1].

Case Report

A 47-year-old man who was an outdoor
worker ingested pesticide (fenitrothion) 1 h
after arguing with his family and was imme-
diately brought to the emergency department
(ED). Diaphoresis and muscle weakness were
observed by the ED physicians. OP poisoning
could not be ruled out because the patient re-
ported pesticide ingestion at unknown amounts.
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Atropine 1 mg and pralidoxime 500 mg were
quickly administered. All of the patient’s
clothes were removed. Intubation was not per-
formed because of an absence of shortness of
breath and mucus secretion. The patient showed
us the empty bottle of fenitrothion that he had
ingested. For the patient’s safety, after primary
management in the ED, he was transferred to
the intensive care unit (ICU) for further man-
agement.

Initial levels of serum acetylcholinesterase
were 1284 U/L (normal range: 4500-13320 U/
L). Other laboratory test results showed no ab-
normality, no leukocytosis, and no electrolyte
imbalance. In the ICU, the continuous infusion
doses of pralidoxime were titrated because the
patient had no symptom of acute cholinergic
crisis. On the 3rd day of hospitalization, the
patient’s condition stabilized, and he was trans-
ferred to the original ward. On the evening of
the 3rd day, sudden-onset symptoms of action
tremors and pharyngeal weakness, pooling of
secretions, and weakness of proximal limb mus-
cles were observed. Intubation was performed,
and he was transferred back to the ICU. This
time, CXR revealed right lower lobe infiltration
and increased leukocytosis, but no left shift. We
then administered levofloxacin for suspected
aspiration pneumonia.

Post-intubation, the patient showed no signs
of systemic inflammatory response syndrome or
hypothermia; however, persistent increases in
secretion and diarrhea were observed. Owing to
suspected OP intoxication Type II (intermedi-
ate syndrome), we administered atropine bolus
injections frequently, based on his symptoms.
The dose of atropine was decreased based on
his symptoms of secretion and diarrhea. Venti-
lator support was continued until the 16th day
of hospitalization, and weaning was successful

this time. Atropine infusion was discontinued
on the 19th day of hospitalization, due to his
stable condition. The patient was transferred to
an ordinary ward on the 20th day of hospitaliza-
tion, and discharged the next day.

Discussion

Neuromuscular weakness resulting from
OP poisoning is divided into 3 types: (a) type I
paralysis-muscle weakness occurring within the
first day of admission associated with choliner-
gic signs; (b) type II paralysis or intermediate
syndrome (IMS)-delayed muscle weakness oc-
curring after the acute cholinergic phase of OP
poisoning; (c) type III paralysis-polyneuropathy
occurring 2-3 weeks after OP poisoning.

Type I symptoms include SLUDGE/BBB
(salivation, lacrimation, urination, defecation,
diaphoresis, gastric emesis, bronchorrhea, bron-
chospasm, and bradycardia). The ECG might
show heart block, there might be QTc prolonga-
tion, and most patients were incubated, due to
the symptom(s) presented. Type 2 (IMS) oc-
curs between 24 and 96 h after resolution of the
acute cholinergic crisis, and might present in
10-40% of patients. The symptom persists for
14-20 days (with adequate supportive care, such
as ventilator support), and recovery usually oc-
curs without sequelae. Few patients had Type 3
poisoning (OP-induced delayed polyneuropathy
[OPIDP]), flaccid weakness of the lower ex-
tremities, and a high-stepping gait associated
with bilateral foot drop. Recovery usually oc-
curs within 6-12 months.

OP poisoning is diagnosed according to the
history of ingestion of the poison, the character-
istic clinical features, clinical improvement after
atropine/oxime administration, and inhibition of
cholinesterase activity. We measure cholinester-
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ase for patient outcome clinically, and RBC/true
cholinesterase is more accurately measured than
serum/pseudocholinesterase. A 50% reduction
in normal values of RBC cholinesterase diag-
nosed by persistent low levels is a predictor of
IMS OP poisoning, and is useful in monitoring
the clinical course of the illness. Persistent low
levels are a predictor of IMS; levels 20% lower
than the normal range may predict the onset of
IMS [2]. If RBC cholinesterase is not available
in the hospital, we may try an electro-neuro-
myogram; 30-Hz rapid nerve stimulation-dec-
remental responses correlate best with clinical
weakness [3]. The most useful diagnostic test
is the IMS. Other prognostic value tests include
hyperglycemia (transient hyperglycemia and
glycosuria are often seen in acute OP poison-
ing) [4]. The patient may show neutrophilic
leukocytosis. ECG changes (QTc prolongation)
indicate a poor prognosis in OP poisoning [5].
Metabolic acidosis develops in patients with
OP poisoning, more commonly with hypoten-
sion [6]. Raised amylase levels correlate with
severity and the presence of shock in acute OP
poisoning [7].

The following are the steps to manage OP
poisoning, according to previous literature.
First, assess and record the 15-point Glasgow
Coma Scale. Then, follow up with the pulse
rate, blood pressure, and auscultation. If hypox-
ia is observed, intubation should be performed.
Administer atropine to reduce bronchorrhea [8].
If we are not sure of the poisoning, we can try
the atropine test (inject 0.6-1 mg atropine intra-
venously (IV): if pulse rate goes up by 25 per
min or skin flushing develops, mild or no toxic-
ity for OP exists). We should also decontami-
nate patients, remove all clothing, and wash
with soap and water (ocular decontamination
should be performed with water only). Gastro-
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intestinal decontamination decreases absorption
by 42% at 20 min and 16% at 60 min [9]. This
should be considered only if the patient is incu-
bated or conscious, and willing to cooperate. It
is not beneficial otherwise, and rather increases
chances of aspiration pneumonia and death. In-
duced emesis is contraindicated [10].

There is no evidence that suggests that
patients with pesticide poisoning benefit from
activated charcoal. We can use atropine sub-
sequently to target endpoints of atropinization
(clear chest, SBP >80 mmHg, heart rate >80/
min, dry axillae, pupils no longer pinpoint,
bowel sounds [[just-only??]] present), to re-
verse cholinergic features, and to improve car-
diac and respiratory functions. According to the
Journal of Medical Toxicology (2012), atropine
infusion greatly reduced mortality compared
to standard treatment with boluses of atropine
(22.2% vs. 8%). The following steps should
be taken: administer 1.8-3.0 mg of atropine IV
and repeat the dose of atropine every 5 min,
doubling the dose each time till atropinization
occurs. Subsequently, administer 10-20% of the
dose of atropine required for atropinization ev-
ery hour by IV infusion, and a pralidoxime 1-2
g IV (30 mg/kg) bolus followed by an 8 mg/kg/
h infusion. If atropine toxicity occurs (absent
bowel sounds + fever + confusion), discontinue
infusion for 60 min, then re-start infusion at
80% once the patient’s?? temperature lowers
and the patient calms down. Most patients do
not need >3-5 mg/h of atropine infusion. The
dose of atropine can be reduced by 20% every
4 h once the patient is stable. Pralidoxime will
not be effective in very severe (large dose) cas-
es of poisoning. Treatment with oximes should
be initiated as early as possible; however, the
treatment will not play a role if started after 48 h.
The therapeutic end point is when reactivation



Late-onset Respiratory Failure in OP 225

and increments in SChE levels occur; infusion
continues until the patient is symptom free or
until extubation [11].

Other medications such as benzodiazepines
have caused sedation in well-ventilated pa-
tients, leading to control of seizures. Diazepam
reduces neural damage and prevents respiratory

failure (animal studies). Administering MgSO4
(4 g) IV on the first day after admission de-
creases the hospitalization period and mortality.
It blocks calcium channels and reduces acetyl-
choline release from the presynapses, and also
reduces CNS overstimulation via NMDA recep-
tor activation. Clonidine inhibits the presynap-

Self-harm by swallowing
organophosphates

Gastric lavage if patient
is clear or intubated

External decontamination
with water; assisted
ventilation as appropriate

|

If cardiopulmonary arrest
occurs, resuscitate

If symptoms of poisoning
occur (SLUDGE/BBB)

If no symptoms of
poisoning occur

SLUDGE/BBB
Salivation
Lacrimation

Urination

‘ Exposure likely ‘

Exposure unlikely ‘

Defecation, Diaphoresis
Gastric Emesis

Bronchorrhea
Bronchospasm
Bradycardia

Observe for 24 h to confirm
exposure

If no symptoms occur,
discharge

If symptoms of poisoning
occur (SLUDGE/BBB) ‘

Atropinization

If rapid atropinization

occurs, poisoning may be | ¥

Atropine 1 mg in adults ‘

mild. Check for alternative
diagnosis.

Observe for 24-96 h and
discharge. Follow up.

Fig. 1. Legend: Follow the treatment protocol as soon as possible to address the high mortality rate occurring due to inappropriate or
underestimated treatment. Abbreviation: heart rate (HR), systolic blood pressure (SBP), intermediate syndrome (IMS)
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If atropinization does not
occur, start treatment.

Administer 1.8-3.0 mg of atropine through IV and repeat the dose of atropine
every 5 min by doubling the dose each time till atropinization occurs.
Subsequently, administer 10-20% of the dose of atropine required for

atropinization every hour by IV infusion, with pralidoxime 1-2 g IV (30 mg/kg)

bolus followed by 8 mg/kg/h infusion.

Check cholinesterase level, 50%
reduction in normal values:
diagnostic

Early enteral feeding Alkalinization
MgSO, (4 g) IV on first day
Benzodiazepines

If IMS
totally symptomatic,
ventilator support required if
respiratory muscle paralysis

occurs
Atropine toxicity = Absent bowel
Continue atropine + pralidoxime sounds + fever + confusion.
until symptoms improve and Stop infusion for 60 min if tOXiCity is
cholinesterase activity recovers _ hoted
Re-start infusion at 80%, once the
J{ temperature is reduced and the
OPse"’e for 1_2'24 h Once the patient is stable, reduce the patient calms down.
without atropine for |__|  atropine dose by 20% every 4 h.
late signs of toxicity.

Fig. 1. Legend: Follow the treatment protocol as soon as possible to address the high mortality rate occurring due to inappropriate or
underestimated treatment. Abbreviation: heart rate (HR), systolic blood pressure (SBP), intermediate syndrome (IMS)
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tic release of acetylcholine, which decreases the
cholinergic neurons, and has synergistic interac-
tion with atropine. Animal studies have shown
a benefit in combining clonidine with atropine;
however, the effect on humans is unknown. If
the patient has IMS, he or she is totally symp-
tomatic. Ventilator support is required if respi-
ratory muscle paralysis occurs. Hypothermia
may also be a sign of OP poisoning [12].

Treatments such as early enteral feeds are
associated with improved outcomes in critically
ill patients, because they prevent enterohepatic
circulation [13]. Butyrylcholinesterase present
in fresh frozen plasma (FFP) sequesters free
poison in the blood and removes it from circu-
lation (current evidence is not strong enough to
reach a clear conclusion regarding the bioscav-
enger role of FFP). Finally, we can use standard
therapy plus corticosteroids for OPIDP.

We have summarized the past year's goals
of treatment in Figure 1. We sincerely suggest
following the treatment protocol as soon as
possible to address the high mortality rate oc-
curring due to inappropriate or underestimated
treatment.

Conclusion

Although the patient had no symptoms of
acute cholinergic crisis, he should be routinely
followed up with RBC cholinesterase tests to
diagnose and monitor the clinical course of the
illness to be aware of IMS. If the level of RBC
cholinesterase is low, atropine plus pralidoxime
administration should be discontinued until
symptomatic improvement and recovery of
cholinesterase activity occurs.
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Foreign Body Inhalation-Related Pulmonary
Actinomycosis Diagnosed by Transbronchial Lung
Biopsy: A Case Report

Wen-Jui Chang"?, Chen-Yiu Hung"? Shu-Min Lin"?

Pulmonary actinomycosis is a rare disease related to aspiration of oral secretion or other
objects such as a foreign body. The diagnosis of this disease is very difficult to confirm. We
reported a 67-year-old Taiwanese man with pulmonary actinomycosis diagnosed by the
pathology study of transbronchial lung biopsy specimens. Foreign body inhalation, which was
later revealed to be animal bone-related, was determined during the examination. Although
he had been under inadequate antibiotic treatment, the patient developed no deterioration of
symptoms and chest radiography, which could be related to known variations in the treatment
duration for pulmonary actinomycosis from case to case, or the fact that the infection focus
had already been removed. (Thorac Med 2023; 38: 228-235)

Key words: pulmonary actinomycosis, foreign body, transbronchial lung biopsy, Grocott-Gomori

methenamine-silver nitrate stain

Introduction

Pulmonary actinomycosis is a rare and
slowly progressive disease caused by the aspira-
tion of a usually harmless colonization of Acti-
nomyces from the oral cavity or gastrointestinal
tract [1, 2]. The disease is difficult to diagnose
owing to the non-specific symptoms, radiologi-
cal traits that mimic malignancy or other tho-
racic disease, inability to grow in an anaerobic
culture if the specimen is not well processed,
and the high false negative rate with biopsies [1].

Pulmonary actinomycosis contributes to about
15% of actinomycosis cases, and might involve
the facial-cervical area, abdominal and pelvic
cavity, skin, or the central nervous system [2].
The diagnosis is often delayed, and confirmed
after surgical resection [1]. A long duration of
antibiotic treatment is usually needed for this
disease, although the efficacy and length of the
treatment course could vary from case to case
[3]. Pulmonary actinomycosis is a disease that
requires careful observation and evaluation for
both diagnosis and therapy.
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Case Report

A 67-year-old Taiwanese non-diabetic
male presented to an emergency department in
Tucheng Dist., New Taipei City, Taiwan, with
the complaint of shortness of breath for 1 day.
The patient’s dyspnea was accompanied with
fever, up to 37.9°C, and cough with purulent
yellow sputum. He had no nausea, vomiting,
headache, chest tightness, abdominal pain, or
generalized edema.

His past medical history included chronic
obstructive pulmonary disease, group C (with
an exacerbation history > 2 times or > 1 time
that led to hospital admission, as well as Modi-
fied Medical Research Council Dyspnea Scale
0-1, or Chronic Obstructive Pulmonary Disease
Assessment Test < 10), which had been diag-
nosed for about 3 years and was under control
with inhaled tiotropium. He also had anaplastic
anemia, for which he underwent hematopoietic
stem cell transplantation (HSCT) previously at
another hospital in Taipei City. However, the
patient had not been taking a regular immu-
nosuppressant agent. The pulmonary function
test confirmed severe airway obstruction, with
forced expiratory volume in 1 second (FEV1)
of 1.09 liter, and FEV1 divided by forced vital
capacity (FVC) was 58.34%, without significant
response to a bronchodilator. He had quit smok-
ing for 5 years and had no history of alcohol or
medication misuse. The patient had undergone
no recent surgery of the face and neck, nor
dental procedures. He had no trackable clinical
condition related to travel, occupation, or con-
tact and clustering history.

On admission to our ward, the patient was
alert and oriented. His body temperature was
36.3°C, respiratory rate, 18/min, blood pressure,
143/84 mmHg, pulse rate, 114/min, and his

oxyhemoglobin saturation by pulse oximetry
was 97% under nasal cannula 3 L/min. Physi-
cal examination revealed bilateral symmetric
expansion during respiration and bilateral basal
crackles.

Laboratory evaluation showed leukocytosis
with a white blood cell (WBC) count of 16.8 x
10° /uL, with a predominant segment count of
88% and eosinophil count of 0%. The patient’s
hemoglobin was 15.3 g/dL, and platelets were
196 x 10° /uL. His liver and renal function was
normal, and his electrolytes were within normal
range. His C-reactive protein (CRP) was 54.5
mg/L, while the normal range should be lower
than 5 mg/dL in our hospital.

Chest radiography plain film (CXR) on
his third day of admission showed slightly in-
creased consolidation at the right lower lung
(Figure 1). Under the impression of commu-
nity-acquired pneumonia (CAP), the patient
was treated with levofloxacin 750 mg daily for

.

Fig. 1. CXR of the patient with pulmonary actinomycosis. Increased

right lower lung consolidation was found.
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Fig. 2. Computed tomography scan of the patient revealed (A)(B) a tree-in-bud pattern (marked with white arrowheads) with centrilobular nodules

with a linear branching pattern at the bilateral lower lobes, and (C)(D) an endobronchial hyperdense lesion (marked with black arrowheads)

in the lower part of the right main bronchus.

5 days. The 3 sets of blood culture revealed
no growth of bacteria, and the sputum culture
showed mixed flora. Urine analysis showed
no pyuria or proteinuria. The patient was dis-
charged from the hospital once the dyspnea had
been relieved.

Further studies, including chest high resolu-
tion computed tomography (HRCT) and bron-
choscopy, were arranged at the outpatient clinic
due to delayed resolution of the pneumonia
with cough symptoms and consolidation on the
CXR, to rule out other diseases such as malig-
nancy. Chest HRCT revealed an endobronchial
lesion in the lower part of the right main bron-
chus (9.5 x 6 x 4 mm) (Figure 2-C, D). A tree-
in-bud pattern with centrilobular nodules with
a linear branching pattern could be seen at the
bilateral lower lobe (Figure 2-A, B). There was
no evidence of pulmonary malignancy.

Bronchoscopy was performed and revealed
a bone-like hard foreign body with a dark
brown and black color at the orifice of the right
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middle bronchus; it was later removed with
forceps. Endobronchial granulation-like tissue,
with a white color and elevated necrotic pattern
(Figure 3), was also found near the area where
the foreign body was located; the lesion was

Fig. 3. Bronchoscopy of the patient revealed (A) a bone-like hard

foreign body with a dark brown and black color at the right
middle bronchus, with the surrounding endobronchial mucosa
presented in a white, elevated necrotic pattern. (B) The
foreign body was removed by forceps and placed on a piece

of gauze.
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biopsied trans-bronchially. Transbronchial lung
biopsy (TBLB) was also performed for the lung
parenchyma via the right middle bronchus, un-
der endobronchial ultrasound. Bronchial wash-
ing was performed at the right middle bronchus
and later revealed no growth of bacteria or fun-
gus.

The histopathology slides indicated bron-
chial tissue with chronic inflammation. The
endobronchial lesion was revealed to be due to
an animal bone covered by sulfur granules, un-
der hematoxylin and eosin (HE) stain. The sul-
fur granules were observed mostly around the
endobronchial mucosa. Bone fragments were
also found in the endobronchial tissue. Sulfur
granules with a deep magenta color (Figure
4-C) could be seen surrounding the pink bone
fragments (Figure 4-B) and infiltrating into the
endothelial tissue of the bronchus (Figure 4-A).
Under Grocott-Gomori methenamine-silver
nitrate (GMS) stain, filamentous bacteria were
revealed (Figure 5). These bacteria were mainly
located in the endobronchial mucosa. There was
no observable alveolar tissue on the same slide.
Actinomycosis was thus diagnosed. Antimicro-
bial therapy with oral amoxycillin 875 mg and
clavulanate potassium 125 mg twice daily was
initiated and maintained for 21 days. Treatment
was discontinued due to very poor compliance
and the patient’s refusal.

Discussion

We reported a patient with pulmonary ac-
tinomycosis who initially presented with CAP.
He was later confirmed to have actinomycosis
in association with foreign body inhalation af-
ter TBLB revealed the growth of filamentous
bacteria with sulfur granules. The patient was
treated with a suitable antibiotic, but with an

Fig. 4. Transbronchial lung biopsy specimen under HE stain (40X)
revealed (A) a normal bronchial epithelium, (B) pink bone
fragments of the foreign body, and (C) sulfur granules with a
deep magenta color. HE: hematoxylin and eosin.

Fig. 5. Under GMS stain (120X), filamentous bacteria (Actinomyces)
can be seen. GMS: Grocott-Gomori methenamine-silver

nitrate.

inadequate treatment duration.

Actinomyces is a Gram-positive anaerobic
bacterium. It was misclassified as fungi more
than a century ago, owing to the filamentous
appearance and slow progression of related dis-
eases [1, 4, 5]. Actinomycosis was reported to
involve various organs, but pulmonary actino-
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mycosis amounted to just 15% of these diseases
[1-2].

Patients of all ages were reported to have
had pulmonary actinomycosis, with an in-
creased prevalence in males aged 30 to 50
years old [6-8]. Actinomyces might be carried
by saliva or other material from the digestive
tract or oral cavity into the lower airway, caus-
ing further pulmonary infection [1]. The dis-
ease progresses slowly, resulting in acute and
chronic inflammation of the lung parenchyma,
which gradually develops into focal necrosis,
fibrosis, cavitation [9], or even pleural effusion
and empyema [1]. A few risk factors, such poor
oral hygiene [10], dental diseases [10], condi-
tions that lead to a higher chance of aspira-
tion, such as alcoholism [11], underlying lung
diseases such as bronchiectasis, bronchitis, or
a history of mycobacterial infection [2, 7, 12],
and inhalation of foreign bodies [13-14], have
been described in previous studies. Improved
oral hygiene was noted to decrease the inci-
dence of pulmonary actinomycosis and lower
the aggressiveness of this disease while patients
are treated with antibiotics [10]. A few case re-
ports indicated that pulmonary actinomycosis
or lung abscess were likely related to a previous
invasive dental procedure or oral lesions [15-
17]. The greater possibility of alcoholic patients
aspirating their oral secretion contributed to
their higher risk of developing pulmonary acti-
nomycosis [11]. In a previous study involving
94 patients with pulmonary actinomycosis, one-
fifth of the patients had the issue of alcohol
abuse [2]. Numerous case reports have revealed
pulmonary actinomycosis related to the inhala-
tion of foreign bodies [13-14], including the
leaves of plants [18], animal bones from meals
[19-20], and an obstruction due to bronchial
dentures [21]; our patient had inhaled a piece of
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animal bone. The patient had undergone HSCT,
and his immunocompromised status should
be considered as a risk factor for pulmonary
actinomycosis. However, there was no strong
evidence for a higher prevalence of pulmonary
actinomycosis in patients infected with human
immunodeficiency virus (HIV), or those treated
with chemotherapy, taking oral steroids, or re-
ceiving an immunosuppressant for solid organ
transplantation [1, 6, 10, 22]. Few case reports
and studies have indicated pulmonary actino-
mycosis as a disease of concern in patients who
have undergone HSCT, and there is no proof of
an increased risk of such an infection in patients
who have undergone bone marrow transplanta-
tion [23-24].

The diagnosis of pulmonary actinomycosis
is crucial, but very difficult. Less than 7% of
pulmonary actinomycosis patients were sus-
pected to have had the disease on admission;
it takes 6 months on average for physicians to
confirm the diagnosis of pulmonary actinomy-
cosis after the first presentation of symptoms [2,
25]. Chest pain was usually the most prominent
symptom of pulmonary actinomycosis, while
purulent cough was the most common symptom
[1]. The laboratory examination was indefinite
[2]. A mass-like lesion or consolidation of the
lung parenchyma, sometimes with cavitation
or pleural effusion, are common presentations
of pulmonary actinomycosis on CXR [1, 26].
Under computerized tomography (CT) scan or
magnetic resonance imaging (MRI), pulmonary
lesions were noted mostly at the lower and pe-
ripheral parenchyma, and included multifocal
nodules, consolidations, cavitation, and some-
times pleural thickening or effusion near the
lesions [27-28]. However, the clinical presenta-
tions and radiology examination provide mostly
non-specific results for confirmation of the di-
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agnosis [1].

A vital step in the diagnosis of pulmonary
actinomycosis almost always includes a certain
form of biopsy and pathological study, using
bronchoscopy, image-guided transthoracic bi-
opsy, or surgical biopsy [2]. Bronchoalveolar
lavage and culture could be inadequate to dis-
tinguish between colonization of actinomycosis
and true infection [1], and the high false nega-
tive rate for anaerobic specimens exposed to air
during the procedure also sets up obstacles for
the diagnosis [29]. The usefulness of TBLB is
controversial: some studies have suggested an
unsuccessful result for TBLB [1, 8], possibly
related to the granulation tissue surrounding
the pathogen [30], and another study suggested
a much better diagnostic rate, with 24.5% of
patients diagnosed via TBLB and 25.5% diag-
nosed via protected transbronchial needle aspi-
ration [2]. TBLB could be more helpful in the
diagnosis when the actinomycosis shows endo-
bronchial involvement, with occasional granu-
lar thickening and nodules in the submucosal
region [31]. Removal of the infectious foreign
bodies might affect the course of treatment
and symptoms, with some patients recovering
quickly after the foreign objects were removed
[21]. Transthoracic biopsy, assisted by sonog-
raphy or CT scan, was also used for pathology
diagnosis. Although described as an effective
and safe examination [1], image-guided biopsy
could provide a non-diagnostic result [32]. Oth-
er methods involved surgical intervention, such
as wedge resection or even lobectomy, which
were often carried out under an initial concern
for lung malignancies [33]. In a previous study,
18% of patients still required the use of a surgi-
cal method for the final diagnosis of pulmonary
actinomycosis [2].

Treatment for pulmonary actinomycosis

with antibiotics is effective, yet time-consum-
ing. The suggested treatment was usually in-
travenous antibiotic for 2-6 weeks, followed
by oral antibiotic treatment for 6 to 12 months.
Penicillin G, amoxicillin, doxycycline, ceftriax-
one, clindamycin, and ampicillin were all appli-
cable for therapy [3]. However, there are case
reports suggesting a shorter treatment course,
with successful recovery from thoracic actino-
mycosis [3]. The duration could be as short as
3 days to 1 week in less bulky actinomycosis
cases [3]. In patients who develop hemoptysis,
the condition might be very severe and require
surgical treatment or embolization to prevent
further respiratory failure [31, 34]. Surgical
treatment for thoracic actinomycosis might also
be needed for necrotic tissue debridement or
bulky abscess removal, in addition to antibiotics
[6, 22]. Most studies have suggested that treat-
ment for immunocompetent patients is adequate
for treating those who are immunocompromised
[22, 35]. Our patient used oral antibiotics for 3
weeks, which were stopped due to poor com-
pliance. However, the patient’s symptoms and
CXR showed no marked deterioration. Possible
reasons for the good recovery under an inad-
equate treatment duration could be the already
removed infectious foreign body, the limited
involvement of actinomycosis in endobronchial
mucosa and lung parenchyma, and the variation
in the effective treatment course from case to
case.

There are limitations in our case report.
Although pulmonary actinomycosis is strongly
related to aspiration, and multiple cases of pul-
monary actinomycosis associated with foreign
body inhalation have been reported, further
clinical study or case series might be required
to prove the relationship between foreign body
inhalation and actinomycosis infection. Other
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details of these patients, such as suggested an-
tibiotic duration, the effects of different inhaled
objects, and if empiric treatment is needed
before diagnosis, need further survey. Second,
the efficacy of using non-surgical methods for
the biopsy of pulmonary actinomycosis re-
mains controversial. These methods, including
bronchoscopy and image-guided transthoracic
biopsy, might require standardization in terms
of procedure details, as well as large-scale pro-
spective or retrospective studies to determine if
these invasive examinations are helpful. Third,
the management of pulmonary actinomycosis,
especially the treatment course of antibiotics,
varies in different patients. It is also difficult for
the physician to follow up simple markers or
images to decide whether the treatment course
is adequate or not. The treatment of, and recov-
ery from pulmonary actinomycosis thus require
close observation and careful evaluation of a
patient’s clinical condition.

Conclusion

We reported a 67-year-old man who pre-
sented with the symptoms of dyspnea, fever,
and cough with purulent yellow sputum, ini-
tially treated as CAP. He was later found to
have pulmonary actinomycosis, which had an
aspiration-related pathogenesis; the patient was
also found to have inhaled a piece of animal
bone into his right main bronchus. Being a dis-
ease that is difficult to diagnose, pulmonary ac-
tinomycosis requires an imaging study such as
a CT scan and a bronchoscopy-assisted invasive
procedure for identification, before referring the
patient for surgical pathological proof. Although
the treatment duration for actinomycosis is usu-
ally long, the recovery condition varies among
different patients, and could be influenced by

Thorac Med 2023. Vol. 38 No. 3

the severity of the disease or the removal of the
infectious foreign body.
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Introduction

vascular proliferative disease that mostly occurs
in the oral and nasal cavities. It also affects the

Lobular capillary hemangioma (LCH) is a

Subglottic Lobular Capillary Hemangioma-Associated
Extra-Thoracic airway Obstruction: A Case Report

En-Chi Hsu', Cheng-Hao Chuang'?

Lobular capillary hemangioma, sometimes known as pyogenic granuloma, is a
vascular proliferation of the skin and oral cavity that mimics granulation tissue grossly, but
hemangioma microscopically. Most airway lobular capillary hemangiomas are located in
the oral and nasopharyngeal mucosa. Here, we reported the case of a college student who
presented to our clinics with dyspnea for 1 month. He had visited a local medical doctor, but
the symptoms progressed despite medication treatment. Loud stridor during both inspiration
and expiration was noted at the outpatient department. Tracing back his history, he was
involved in a traffic accident with traumatic brain injury with a 2-week-long intubation period
about 5 months ago, and aspiration pneumonia with a 1-week intubation 2 months before this
presentation. The lung function test showed a flattened curve during inspiration, indicating
upper airway obstruction. The chest film did not disclose an active pulmonary lesion, but a
small protruding mass just below the vocal cords was found by bronchoscopic examination.
The patient underwent surgical treatment, and recovered well. Our case highlights the role
of a lung function test in providing an initial impression and indicating further diagnostic
approaches that can be taken by the physician. (Thorac Med 2023; 38: 236-240)

Key words: pyogenic granuloma, complication of intubation, stridor, dyspnea, lung function test

were performed before diagnosis. Herein, we

lower respiratory tract, though rarely. In previ- month with a poor treatment response.
ous case reports, it was usually confirmed by
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radiography, and no pulmonary function tests

present the case of an 18-year-old man with
subglottic LCH with an extra-thoracic obstruc-
tion, who had suffered from dyspnea for 1
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Case Presentation

This 18-year-old young man visited our
clinics due to progressive shortness of breath
for 3 days. He complained of intermittent dif-
ficulty in taking a deep breath and severe dys-
pnea on exertion during the past month. He
had visited a local medical department, but his
condition was scarcely improved after taking
medication. Marked stridor on auscultation
during both the inspiration and the expiration
phase was noticed in the physical examination.
The patient had a traffic accident history with
a traumatic brain injury 5 months previous,
and a 2-week intubation during hospitalization.
Furthermore, aspiration pneumonia and acute
respiratory failure with intubation for 1 week
occurred 2 months previous to this visit. Chest
radiograph found no active pulmonary lesion
(Fig 1). A pulmonary function test was arranged
and showed a significant inspiratory plateau, a
severe obstructive ventilator defect, and marked

Fig. 1. Chest radiographs revealed no obvious air-space lesion.
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Fig. 2. Pulmonary function test showed a significant inspiratory
plateau.

air-trapping presenting with an increased ratio
of residual volume (RV) to total lung capacity
(TLC) (Fig 2).

Under the impression of extra-thoracic air-
way obstruction, bronchoscopy was arranged
immediately, and all pre-procedure laboratory
results were within normal range. During the
bronchoscopic evaluation, 1 whitish, smooth-
surfaced mass-like lesion was found right
below the vocal cords, and nearly total obstruc-
tion of the upper airway was presented (Fig 3).
We did not pass the bronchoscope through the
vocal cords because of a concern about total
airway obstruction during the advancement of
the bronchoscope. Due to a high risk of airway
compromise, the patient was transferred to the
emergency room right after the procedure, and
chest computed tomography (CT) was arranged
soon after. A tiny nodular lesion, 0.65 centime-
ters in size, stemming from the posterior trache-
al wall right below the vocal cords, was found
(Fig 4 A,B).

Post-intubation granulation tissue growth

Thorac Med 2023. Vol. 38 No. 3
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Fig. 3. Bronchoscopy found a small protruding mass just below the

vocal cords, with nearly total obstruction of the airway.

with extra-thoracic airway compromise was
suspected, and surgical treatment was indicated
after comprehensive evaluation. After discus-
sion with the patient and his family, surgical ex-
cision of the subglottic nodular lesion with pre-
excision tracheostomy creation was performed
by the otolaryngologist. The operation was
successful, and the patient was free from dys-
pnea after intervention. Tracheostomy tube de-
cannulation also was performed without com-
plication. Surprisingly, the microscopic finding
revealed lobular proliferation of the capillaries
and poorly-canalized vascular tufts within the
inflammatory stroma, covered by focally ulcer-
ated epithelium (Fig 5 A,B). Rather than simply

Fig. 4. Computed tomography (CT) of the chest with contrast enhancement disclosed a tiny nodular lesion, stemming from the posterior tracheal

wall right below the vocal cords (A, arrow). Sagittal view (B, arrowhead).
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Fig. 5. The microscopic plcture showed lobular proliferation of capillaries and poorly-canallzed Vascular tufts w1th1n 1nﬂammat0ry stroma (A)

covered by focally ulcerated epithelium (B).
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post-intubation granuloma, the final pathologic
diagnosis was pyogenic granuloma, also known
as LCH.

Discussion

Tracheal tumors comprise only about 2%
of all airway tumors, and most of them are ma-
lignant in adults [1]. LCH, also known as pyo-
genic granuloma, is a benign vascular prolifera-
tive lesion that is usually found on the skin and
mucosa. LCHs are mostly located in the oral
and nasal cavities; those within the trachea are
extremely rare. Since the first case presented in
2003, only 24 cases of tracheal LCHs have been
reported in the literature so far [1].

Clinical discussion

Airway LCHs are usually painless, and of-
ten present with cough, hemoptysis, and some-
times, dyspnea due to airway obstruction [2].
Even when they are located in a major airway,
tracheal LCHs rarely cause respiratory failure.
However, our patient suffered from a tracheal
LCH that was located at a critical anatomical
site right below the vocal cords, with nearly to-
tal obstruction. The typical flow-volume curve
of the extra-thoracic airway obstruction helped
in reaching an immediate diagnosis and in pro-
viding timely treatment for the patient.

Although the pathophysiology of LCH
remains unclear, several possible risk factors
have been reported in previous cases, including
trauma, local irritation or hormone changes [3].
LCH occurs more often in young people than
in the elderly, and is predominant in females
of reproductive age, which may be related to
hormone changes during pregnancy and associ-
ated angiogenesis [4]. Connective tissue growth
factor, vascular endothelial growth factor, basic

fibroblast growth factor and nitric oxide syn-
thase may also play an important role in LCH
[5]. The possible precipitating factor in our case
was the 2 previous intubation episodes.

CT and bronchoscopy are both helpful in
the diagnosis of tracheal LCH. CT helps to
identify and locate the lesion, and a broncho-
scope is required to perform tissue biopsy to
make a definite pathological diagnosis and
differentiate other etiologies such as granula-
tion tissue, angioendothelioma, angiosarcoma,
hemangioma, intravascular angiomatosis, and
Kaposi sarcoma [6].

There are several treatment choices, includ-
ing endoscopic excisional biopsy, snare electro-
cautery, cryotherapy, laser therapy, and surgical
resection [7]. Treatment depends on patient
symptoms, tumor size, comorbidities, and other
contributing clinical conditions. Bronchoscopic
treatment was chosen in almost all previous
cases in the literature, although 1 chose embo-
lization, and another chose spontaneous regres-
sion [1]. Only 2 of the 23 cases had recurrence.
Surgical resection was suggested in our case
due to both the symptomatic lesions causing
nearly total airway compromise and to the criti-
cal location, which would have rendered bron-
choscopic intervention relatively difficult.

Radiologic discussion

There are no typical characteristics of tra-
cheal LCH, although they are usually small in
size, ranging from 2 mm~20 mm, and rarely ex-
ceed 3 cm in diameter in previous case reports
[3]. However, 1 case had a multifocal lesion,
and the others presented with 1 solitary nodule,
as did our case.

The chest plain film generally discloses
no gross lesions in the LCH patient, and CT is
needed to reveal the occult lesions. The lesion

Thorac Med 2023. Vol. 38 No. 3
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can be homogenously or heterogeneously en-
hanced after contrast injection, and the average
density is more than 100 HU in most cases [3].
Most previous low respiratory tract LCH were
located in the trachea, except for 2 cases -- 1
at the left main bronchus, and the other at the
truncus intermedius [1].

Pathologic discussion

Lobular capillary hemangioma is also
known as pyogenic granuloma, but it is neither
related to bacterial infection nor is it a granula-
tion. It is a benign capillary proliferation tissue
with a lobular pattern, separated by fibrous stro-
ma, pathologically similar to granulation tissue
[8]. LCH and granulation tissue each have dif-
ferent characteristics. First, the main structure
of LCH is the proliferation of capillaries, while
granuloma has a proliferation of epithelial cells.
Second, LCH usually grows rapidly, with fre-
quent recurrence, compared to simple granula-
tion tissue. Sometimes the surface of the LCH
might be ulcerative and infiltrated by inflamma-
tion cells, and then form a granulation [6].

Conclusion

Tracheal LCH is rarely reported in the lit-
erature. Here, we presented the first case of
tracheal LCH located right below the vocal
cords, that caused typical extra-thoracic airway
obstruction in both symptoms and flow-volume
curve. Timely recognition of upper airway com-
promise is crucial in patient management, and

Thorac Med 2023. Vol. 38 No. 3

comprehensive history-taking, physical exami-
nation, and correct interpretation of images and
pulmonary function test results are fundamen-
tal.
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Ideopathic Pleuroparenchymal Fibroelastosis Treated
with Lung Transplantation: First Case Report in
Taiwan and Review of the Literature

Pin-Li Chou’, His Chieh-Ning®, Han-Chung Hu®, Wei-hsun Chen'

Pleuroparenchymal fibroelastosis (PPFE) is a rare subtype of interstitial lung disease,
and presents with upper pulmonary lobe fibrosis and bilateral subpleural dense consolidation.
There is no certain etiology for idiopathic PPFE, which progresses slowly but with rapid
clinical deterioration. Surgical biopsy for pathological diagnosis was the gold standard in the
past, but may result in pneumothorax, which is dangerous for these fragile lungs. Modified
diagnostic criteria, including chest tomography imaging and clinical presentation, were
adopted for our patient. There is not much evidence for medical treatment so far, so lung
transplantation is the ultimate treatment for idiopathic PPFE, though reports on postoperative
long-term follow-up are still scarce. We reported the case of a 41-year-old male patient
diagnosed with idiopathic PPFE, who suffered from progressive dyspnea for 3 years and
recurrent bilateral pneumothorax. He is the first patient in Taiwan to undergo bilateral lung
transplantation, and had a smooth postoperative recovery and uneventful?? follow-up for 1.5

years. (Thorac Med 2023; 38: 241-249)

Key words: pleuroparenchymal fibroelastosis (PPFE), end-stage lung disease, lung transplantation

Introduction

Pleuroparenchymal fibroelastosis (PPFE) is
a rare subtype of interstitial lung disease (ILD)
first noted for-with?? upper pulmonary lobe
fibrosis in 1992 [1]. The term was coined by
Frankel ef al. in 2004 [2]. It has been listed as a
classification of idiopathic interstitial pneumo-
nias (IIPs) by the American Thoracic Society
and European Respiratory Society since 2013

[31].
Most PPFE patients are slender with a
flattened thoracic cage [4], and have suffered
from progressive dyspnea for months to years.
There is not enough reported evidence of
medical therapy for progressive PPFE, so lung
transplantation is the ultimate viable curative
treatment option [5, 6]. Spontaneous recurrent
pneumothorax occurs in 56.6% patients, and
they have poorer survival outcomes [7]. Fur-
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thermore, lung biopsy for tissue proof can often
result in pneumothorax and acute exacerbation
[8]. So it is important that idiopathic PPFE is
diagnosed based on clinical presentation and
modified criteria for typical image patterns (i.e.,
bilateral subpleural dense consolidation with
predominantly upper lobe pleural thickening)
without pathological proof [9-11], after exclud-
ing other identifiable etiologies.

We present the case of 41-year-old male
patient diagnosed with idiopathic PPFE, who
suffered from progressive dyspnea for 3 years
and recurrent bilateral pneumothorax. He was
clinically diagnosed by chest high resolution
computed tomography (HRCT) and physiologi-
cal characteristics, then underwent bilateral
lung transplantation with the final pathological
result of PPFE.

Case Presentation

This 41-year-old male patient, with no ciga-
rette or asbestos exposure history, presented
with progressive dyspnea and chronic produc-
tive cough for 3 years. He had no contributing
family medical history. Physical examination
revealed cachexia (body mass index (BMI):
14.7 kg/m®) and platythorax. There was no
clubbing of the fingers or pedal edema. In ad-
dition, bilateral upper lung inspiratory crackles
on auscultation were noted. Laboratory tests
showed normocytic anemia (hemoglobin: 12.2
mg/dl, MCV: 89%). Biochemical tests were all
within normal limits. No evidence of autoim-
mune disease was reported.

The pulmonary function test revealed se-
vere restrictive lung disease, with forced vital
capacity (FVC) of 1.05 L (27% predicted),
forced expiratory volume in 1 second (FEV1)
of 1.00 L (30% predicted), and a FEV1/FVC ra-

Thorac Med 2023. Vol. 38 No. 3

tio of 95.2%. The patient had impaired exercise
performance, with a 6-minute walking distance
of 360 meters (53.8% predicted). HRCT of the
lung showed progressive subpleural change in
interstitial fibrosis and bronchiectasis traction
for the last 2 years without signs of bronchial
obliterative syndrome. There was also a lung
volume decrease of the bilateral upper lobes
with left-side predominant. Surgical lung bi-
opsy was not performed in case of further lung
injury and because of recurrent bilateral spon-
taneous pneumothorax. Based on the modified
diagnostic criteria, the patient was diagnosed
clinically by serial chest CT scans and physi-
ological characteristics as having idiopathic
PPFE (Figure 1, Figure 2), after excluding other
identifiable lung diseases.

l

Fig. 1. Pre-transplant High-resolution CT
(A)(B) Axial cuts show bilateral upper lobes subpleural
interstitial fibrosis and lung volume volume, left side
predominantly for this patient. (C) Coronal view demonstrates
bilateral upper lobes pleural thickening.
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v )
Fig. 2. Pre- and post-transplant Chest X-ray. (A) 1 month before lung
transplants: bilateral pleural thickening and fibrosis, bilateral
upper lobes most markedly; volume reduction of the left lug.
(B) 11 months after bilateral lung transplants.

The patient required long-term oxygenation
therapy due to his deteriorated lung function.
Nintedanib was prescribed for the patient to
treat lung parenchyma fibrosis initially, without
specific effect. Given his worsening symptoms,
complicated with recurrent pneumothorax, bi-
lateral lung transplantation was suggested and
performed successfully. Due to the long-term
lung fibrosis and chest wall deformity, with his
left chest volume decreased, a donor left lower
lung lobectomy was performed for chest wound
closure. Histopathology revealed an upper lung-
predominant distribution of pleural and sub-
pleural lung parenchymal fibrosis. Elastic fiber
stain showed marked septal elastosis (Figure 3).
The patient was extubated smoothly on postop-
erative day 2 and discharged on postoperative
day 40. Post-transplantation bilateral pleural
effusion with left lower pleural thickening was
noted as a suspected result of the previous left

Fig. 3. Histopathological stains. (A) ~ (B) H & E stain: pleural
thickening (red stars) and subpleural parenchymal fibrosis
(blue star). (C) ~ (D) Elastical Van Gieson stain: abundant
elastic tissue deposition (yellow star). Lung parenchymal far
away from pleura is relative unaffected (green star).
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Fig. 4. Post-transplant high-resolution CT. High-resolution chest CT

1 month after bilateral lung transplants shows increased lung
volume especially the bilateral upper lobes.
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Fig. 5. Post-transplantation serial pulmonary function and 6-minute walking test were arranged regularly 1 month after surgery and then every

3 months for most of our recipients. In the figure—6-min walking distance (m), FEV1 (L), FVC (L), After lung transplantation (month),

Before lung transplantation.

lower lung lobectomy. Transbronchial lung bi-
opsy was performed 1 month later, and at the
3rd and 6th month, and revealed no acute rejec-
tion. Chest CT showed widening of the thoracic
inlet 4 weeks after transplantation (Figure 4),
and further widening at 1.5 years post-opera-
tion. A pulmonary function test was arranged
at postoperative 1 month and every 3 months
after transplantation, to monitor the postopera-
tive pulmonary condition. Peak FEV1 and FVC
values of 1.2 L (46%) were noted 6 months
after bilateral lung transplantation, without the
requirement of oxygen therapy (Figure 5).

Discussion
Pleuroparenchymal fibroelastosis (PPFE) is

a rare clinicopathological entity of ILD charac-
terized by pleural thickening with fibrosis and

Thorac Med 2023. Vol. 38 No. 3

elastosis deposited in the subpleural lung paren-
chyma, predominantly located at the bilateral
upper lobes [5-6, 12]. There are 2 distinct forms
recognized [6] as idiopathic or primary PPFE,
and secondary PPFE, often related to graft-ver-
sus-host disease after stem cell transplantation,
and chronic rejection after lung transplantation
due to restrictive allograft syndrome, autoim-
mune disease, chemotherapy or recurrent infec-
tions [24].

The most common clinical presentations of
PPFE are dyspnea, chronic cough, chest pain,
weight loss, pneumothorax and thoracic cage
deformity [12-14]. Physical examination typi-
cally reveals inspiratory coarse crackles in bi-
lateral lungs with the absence of finger clubbing
(differing from idiopathic pulmonary fibrosis
(IPF)) [5]. Radiological features on HRCT are
bilateral irregular pleuroparenchymal thicken-
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ing, located predominantly in the upper lobes,
with an associated subpleural reticular pattern
consistent with fibrosis [5, 6, 9]. Traction bron-
chiectasis and honeycombing patterns are also
common.

Taishi et al. reported a small observational
study of the long-standing fibrosis process to
examine whether the flat chest became more
pronounced during disease progression. They
collected axial chest CT examinations of 8 pa-
tients to evaluate the anteroposterior diameter
of the thoracic cage (APDT)/transverse diam-
eter of the thoracic cage (TDT) ratio at the 6th
vertebral level, which significantly decreased
during follow-up of from 1.87 to 5.27 years, ac-
companied with FVC impairment [15].

Histopathological features of patients with
PPFE are subpleural zonal dense fibrosis con-
sisting of collapsed and collagen-filled alveoli
with septal elastosis and collagenous thickening
of visceral pleura [16-17]. Distribution is main-
ly concentrated in the upper lung lobes, while
the lower lobes become involved as the disease
progresses, but the pathology often reports a
non-PPFE pattern in the lower lobes.

Reddy et al. proposed PPFE diagnosis cri-
teria in 2012 based on the imaging-pathology
correlation after surgical lung biopsy [18]. Five
years later, modified criteria proposed by Eno-
moto et al. required no pathologic confirmation,
and were as follows: (1) radiologic PPFE pattern
of multiple subpleural foci of air space consoli-
dation with traction bronchiectasis located pre-
dominantly in the bilateral upper lobes on HRCT
scans, with or without pleural thickening; (2)
radiologic proof of disease progression: increase
consolidation in the upper lobes and/or a de-
crease in upper lobe volume on series of images;
(3) exclusion of other lung diseases with similar
etiologies, including connective tissue disease-

related ILD, pulmonary sarcoidosis, pneumoco-
niosis, chronic hypersensitivity pneumonitis, and
active pulmonary infection [11]. Wantanabe et
al. further took physiologic characteristics into
consideration in 2019 [8] along with 2 other fac-
tors, and only 1 of each is required for diagno-
sis: (1) residual volume/total lung capacity ratio
(RV/TLC %pred.) > 115%, or (2) BMI: <20 kg/
m? plus RV/TLC %pred. > 80%.

No medical therapy for PPFE patients has
confirmed efficacy, and treatment options are
limited. Miyahara et al. retrospectively investi-
gated 56 1IP patients, and 11 of them who had
idiopathic PPFE received anti-fibrinolytic???
agents before lung transplantation. Those who
took anti-fibrotic??? agents had a lower mortal-
ity rate, lower risk of pneumothorax and a lon-
ger 6-minute-walk distance than patients with-
out therapy [17]. Delanote et al. retrospectively
assessed 9 patients with IPF receiving anti-
fibrotic treatment. FVC seemed to be stabilized
after 12 weeks in most patients [18]. However,
our patient had a poor response to nintedanib
after 7?? weeks of treatment.

Idiopathic PPFE is associated with a worse
prognosis than secondary PPFE [19, 20, 21].
Idiopathic PPFE progresses slowly, but with
rapid clinical deterioration. The onset age is
highly heterogeneous, ranging from 13 to 87
years, with bimodal peaks occurring during the
patient’s 30s and 60s. No association with gen-
der or cigarette exposure has been established,
so far [12]. Familial forms are more frequent in
young female patients. The pathogenesis of pri-
mary PPFE is still unclear. Contributions from
auto-immune mechanisms and genetic predis-
position have been proposed in several studies
[22]. At present, bilateral lung transplantation
is considered the definitive treatment. Survival
outcome of lung transplantation for idiopathic
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PPFE was similar to that for IPF. However, the
flat chest, low BMI, and associated restrictive
impairment of FVC (about 20% lower than IPF
recipients) persisted after lung transplantation
in a published report [23], and was also ob-
served in our patient.

Sekine et al. described a young woman with
idiopathic PPFE that deteriorated rapidly during
pregnancy. Cesarean section was performed at
28 weeks of gestation. She underwent living-
donor lung transplantation on postpartum day
26, and survived nearly 2 years after transplan-
tation [25]. Rasciti et al. reported the case of a
patient with idiopathic PPFE who underwent
bilateral lung transplantation, but the disease re-
lapsed 8 months later, so the patient underwent
another lung transplantation. This may suggest
the contribution of an underlying process accel-
erating the development of PPFE in the trans-
planted lung [26]. Ali et al presented the case of
a 26-year-old female with symptoms of chronic

Table 1. Ideopathic PPFE

dyspnea since she was 15 years old, who came
to the pulmonary clinic due to platythorax with
an abnormal chest X-ray. She underwent video-
assisted thoracic surgery for diagnostic tissue
proof, and pathology revealed idiopathic PPFE.
The complication of hydropneumothorax re-
quiring prolonged chest tube drainage occurred
after surgical lung biopsy, with worsening
symptoms. Bilateral lung transplantation was
performed and the patient survived for 4 years
[27]. Yanagiya et al. reported a young woman
with idiopathic PPFE and pectus excavatum
who underwent bilateral living lobar donor lung
transplantation without thoracic cage correc-
tion. Her flat chest wall had reversed gradually
by 6 months after transplantation, with much
improvement in pulmonary function [28]. Some
patients had a Ravitch procedure for pectus ex-
cavatum correction before lung transplantation,
but there was still disease progression due to a
fibrosis process (Table 1).

Authors Age/ Pre-op diagnosis Surgical Follow-up Post-op complications Outcome
(Year/Country) Sex method method duration

Sekine et al. 29/F Images LDLLT 2 years Acute rejection Alive
(2020/Japan) Pneumonia

Shiiya et al. 40/F Images and physiologi- Left single LT 1.5 years  Right heart failure Deceased
(2020/Japan) cal characteristics Acute rejection

Righi et al. 42/M Surgical lung biopsy  Bilateral LT 5 years Chronic rejection Alive
(2019/Italy)

Alietal 26/F Surgical lung biopsy  Bilateral LT 4 years Chylothorax Alive
(2019/USA) Hydropneumothorax

Rasciti et al. 48/M Surgical lung biopsy  Bilateral LT 8 months  Relapse of PPFE Re-transplant
(2019/1taly) Re-transplant

Aljefri et al. 27/M Surgical lung biopsy  Bilateral LT 45 days Vocal cord paralysis Alive
(2018/Saudi Pneumonia

Arabia) Bilateral bronchomalacia

Huang et al. 34/M Surgical lung biopsy  Bilateral LT 6 months  Uneventful Alive
(2017/China)

Yanagiya et al.  27/F Surgical lung biopsy = LDLLT 6 months  Uneventful Alive

(2016/Japan)

PPFE: pleuroparenchymal fibroelastosis; LT: lung transplantation; LDLLT: living-donor lobar lung transplantation; LDSLT: living-donor
segmental lung transplantation; M: male; F: female; SLB: surgical lung biopsy; NA: not available.
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Table 2. Secondary PPFE

Underlying Authors Age/ Pre-op Surgical Follow-up Post-op Outcome
causes (Year/Country) Sex diagnosis method duration complication
method

Liver Goondi et al. 69/M  Images Bilateral LT NA NA Alive

transplantation ~ (2021/Canada)

C/T Tsubosaka etal. 19/M  Images LDSLT NA NA Alive
(2019/Japan)

HSCT Shimada et al. 21/F SLB LDLLT 1 year Malnutrition Alive
(2018/Japan) Decubitus

C/T Hata et al. 19/M Images LDLLT 6 weeks Uneventful Alive
(2016/Japan)

Castleman’s Portillo et al. 25/M SLB Bilateral LT 2 years Uneventful Alive

disease (2015/Spain)

C/T Chen et al. 14/M Images Left single LT 4 months Uneventful Alive
(2014/Japan)

PPFE: pleuroparenchymal fibroelastosis; LT: lung transplantation; LDLLT: living-donor lobar lung transplantation; LDSLT: living-donor segmental
lung transplantation; M: male; F: female; SLB: surgical lung biopsy. C/T: chemotherapy; HSCT: hematopoietic stem cell transplantation; NA: not

available.

Goondi et al. first presented the case of a
patient with secondary PPFE 3 years after liver
transplantation [29]. Shimada et al. reported a
patient with secondary PPFE that developed 10
years after hematopoietic stem cell transplanta-
tion. She underwent extracorporeal membrane
oxygenation-bridged living-donor transplanta-
tion and was doing well at the 1-year follow-up
[30]. Righi et al. presented a patient with idio-
pathic PPFE who survived 5 years, which is the
longest post-transplantation follow-up interval
[31] (Table 2).

Our patient had clinically diagnosed id-
iopathic PPFE before bilateral lung transplan-
tation, with modified criteria of progressive
change on the HRCT scan and physiologic
characteristics. He had improved quality of life
post-surgery, with his best pulmonary FVC and
FEV1 function at 6 months post-transplantation.
The patient’s exercise activity was enhanced,

and he had an improved 6-minute walking dis-
tance that was sustained for about 2 years dur-
ing follow-up.

Conclusion

PPFE is a rare and progressive form of dif-
fused pulmonary fibrosis, characterized by up-
per lobe-predominant pleural thickening and
elastosis in the subpleural lung parenchyma.
Its pathogenesis is still poorly understood, but
there is disease progression, especially for id-
iopathic PPFE. Lung transplantation is a valid
treatment choice for patients with end-stage
idiopathic PPFE without response to medical
treatment. Short-term outcomes after transplan-
tation have been good, with an improving respi-
ratory pattern, pulmonary function and level of
daily activities.
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Salivary Bypass Stent and Intercostal Muscle Flap for
Treatment of Cervical Esophageal Conduit Ischemia
and Perforation

Yu-Hsiang Wang', Cheau-Feng Lin"?

A 57-year-old man with esophageal squamous cell carcinoma in the middle to lower
thoracic region underwent thoracoscopic esophagectomy and gastric tube reconstruction
with mediastinal node dissection, and on the 7th day post-operation, developed cervical
esophageal conduit ischemia and perforation. After decortication, intercostal muscle flap
repair and adequate sepsis control, a salivary bypass tube (Boston Montgomery®) was
emplaced to bypass the fistula and exclude the salivary alimentary stream. Few studies have
reviewed the use of salivary bypass tubes for the management of cervical esophageal conduit
ischemia. Herein, we reported a successful case of salvage salivary bypass stent placement
for esophageal conduit ischemia and perforation. (Thorac Med 2023; 38: 250-254)

Key words: Esophageal tumor, Squamous cell carcinoma, Anastomosis leakage Introduction

Introduction

Esophageal conduit ischemia and necrosis
are severe complications and remain some of
the most challenging issues after esophagec-
tomy due to their high morbidity and mortality
rates [1-2]. Because of the lack of a standard-
ized definition, the incidence of esophageal
conduit ischemia has varied from 0.5% to 10%
in different studies [3-4]. Several studies have
reported on the management of conduit isch-
emia and perforation, but there is still no gold
standard for these complications. Anastomosis
and pullback of the gastric tube are always re-

quired [5]. In this report, we present the case
of a 57-year-old man diagnosed with middle
to lower esophageal squamous cell carcinoma
post-thoracoscopic esophagectomy and gastric
stent reconstruction, who developed gastric
conduit ischemic changes and perforation 7
days post-operation. He successfully recovered
after a salivary bypass stent and intercostal
muscle flap procedure.

Case Presentationt

A 57-year-old man was diagnosed with
esophageal squamous cell carcinoma, mod-
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erately differentiated, cTINOMO, stage I, in
the middle to lower thoracic region following
dysphagia for 6 months. After discussion with
the patient, he agreed to undergo thoracoscopic
esophagectomy, gastric tube reconstruction, me-
diastinal node dissection and feeding jejunos-
tomy. No regional cancer invasion or lymph-
adenopathy was noted during the surgery. The
whole gastric conduit was pulled up from the
posterior mediastinal route, and a side-to-side
anastomosis was performed with an Endo-GIA
stapler. The final pathological report revealed
pT1bNOMO, stage IB cancer. However, on post-
operative day (POD) 7, the follow-up chest film
revealed haziness and infiltration at the right
lung field (Fig. 1). Leukocytosis with sepsis had
also developed. Chest computed tomography
(CT) revealed several air bubbles at the cervical
anastomosis site and massive pleural effusion
with right lung atelectasis, which was highly
suspected to be due to gastric conduit rupture
and empyema (Fig. 2A and 2B).
Thoracoscopic surgery was performed,
and a 1x1-cm defect with tip area necrosis was

noted at the gastric conduit. After debridement

¥
Fig. 1. Plain film, POD 7: Massive right-side pleural effusion despite
chest tube drainage.

Fig. 2. Contrast-enhanced computed tomography revealed free air at

the cervical anastomosis site and massive lobulation effusion,
compatible with gastric conduit necrosis and empyema
thoracis.

Fig. 3. Esophagoscope, POD 14, revealed non-healing mucosa at the
gastric conduit with pus formation.

of the necrotic area and primary repair of the
defect with 4-0 VICRYL® (Ethicon, Inc., Poly-
glactin-910), an intercostal muscle flap was
emplaced, with 3x3-cm coverage of the defect
for reinforcement. After surgery, the patient’s
sepsis and lung consolidation improved. There-
fore, on POD 14, after esophagoscopy exami-
nation of the perforation site (Fig. 3), a 14-mm
salivary bypass stent (Boston Montgomery®
322140R) was emplaced through a rigid esoph-
agoscope. The salivary bypass stent was passed
over a bougie, advanced into the esophagus,
passed through the esophageal perforation site,

Thorac Med 2023. Vol. 38 No. 3
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and distally sutured with another nasogastric
tube. Then, with another intra-thoracic pigtail
and chest tubes emplaced during decortication,
the entire irrigation-drainage system was estab-
lished to bridge the fistulous tract (Fig 4). The
irrigation amount was monitored daily, and the
distal nasogastric tube was adjusted to reach the
desired stent position, generating an ideal envi-
ronment for the fistula healing process. Follow-
up chest film on POD 30 revealed improved
right lung infiltration due to adequate drainage
after salivary bypass drain emplacement (Fig. 5).

The patient underwent extubation on POD
37, and tolerated room air well. We also ar-
ranged for water trials after bypass stent re-
moval on POD 55. His follow-up panendos-
copy revealed fistula formation at the previous
necrosis site, and the chest tube was also visible

Fig. 4. The entire irrigation system: The stent (red arrow) bypassed
the oral alimentary stream from the esophageal perforation
site and was sutured with the nasogastric tube. The leakage
from the alimentary stream that escaped our bypass stent was
drained by another intra-thoracic pigtail and chest tube.

Thorac Med 2023. Vol. 38 No. 3

Fig. 5. Plain film on POD 30 revealed that with the irrigation system,
the right empyema thoracis and consolidation showed

improvement.

Fig. 6. Esophagoscope, POD 55, revealed healing mucosa with 1
fistula formation at the gastric conduit. The chest tube was
visible during the examination. Esophagoscope, POD 95,
revealed healing mucosa with no fistula formation, but some
stricture at the previous fistula side.

through the hole (Fig. 6-1). His stent drainage
amounts decreased gradually, and the bypass
drain was removed on POD 66. Chest CT and
panendoscopy confirmed that the entire gastric
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conduit was intact, and only a mild anastomotic
stricture was noted during outpatient depart-
ment follow-up (Fig. 6-2). He was followed up
by our chest surgeon for 1 year, with solid food.

Discussion

Despite progress in surgical techniques,
esophageal conduit ischemia, necrosis, and
intra-thoracic anastomosis leakage remain some
of the most challenging and costly complica-
tions. According to Agzariano et al., conduit
failure may require at least 73 days of hos-
pitalization and an additional USD68,296 in
hospitalization costs [6]. Several non-surgical
and surgical management strategies have been
proposed to salvage the conduit, with good
responses [7]. For a high-risk patient who has
recently undergone major surgery, surgical
intervention may lead to higher mortality and
morbidity than more conservative treatments. In
a literature review, endoscopic stent placement
had a reported success rate of 72% and a mor-
tality rate of 3.3% [8]. Several stents, including
self-expanding metal stents, self-expanding
plastic stents, and Montgomery salivary bypass
tubes, have been proposed for clinical use in
these cases, with good results [9].

The salivary bypass stent (Boston Mont-
gomery® 322140R) was first described in 1955
by William W. Montgomery (Boston, Mas-
sachusetts) as a bridging gap between pharyn-
gostomy and esophagostomy following laryn-
goesophagectomy [10]. Since its introduction,
several additional indications had been pro-
posed, including fistula management, palliation
of dysphagia caused by malignancy, esophageal
stricture, and reconstruction of the cervical
esophagus [11, 12]. Kim ef al. demonstrated its
use in a series of 17 patients with esophageal

complications, including esophageal disruptions
(13 patients) and chronic fistula (3 patients),
with 6% mortality (1 patient) [13]. The salivary
bypass stent serves as a bypass route, excluding
the oral alimentary stream, and provides an op-
timal environment for fistula healing. However,
migration was the most common complication
in several studies, and occurred in more than
35% of cases in which an external stent without
suture fixation in the conduit was used [14]. In
addition, long-term placement of the salivary
bypass stent may also cause colonization of
antibiotic-resistant Gram-negative pathogens,
especially Klebsiella pneumoniae, which may
lead to further opportunistic infections [15].
There were also some case reports and series
reporting serious complications due to failure of
stenting, in which esophageal erosion eventu-
ally occurred in the great vessels [16].
Although several studies have demonstrated
the successful use of endoscopic stenting for the
management of esophageal conduit ischemia,
necrosis, and anastomotic leak, these were all
small and limited case studies with heteroge-
neous clinical situations. In our case, another
nasogastric tube fixation was emplaced with
the salivary bypass stent beforehand, and this
could reset the stent to the optimal position. The
length of time from the initial surgery to the
bypass stent emplacement was 52 days, which
was similar to that reported by Kim et al. There
has been no literature review regarding the tim-
ing of salivary stent removal because of its rar-
ity and due to disease complexities. In our case,
we successfully combined a muscle flap with
a salivary bypass stent for the management of
gastric conduit necrosis. Further studies should
focus on preventing stent migration and deter-
mining the optimal timing of stent removal.
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Conclusion

Salivary bypass stents with primary repair
served as an effective way of salvaging esopha-
geal conduit ischemia and necrosis in our case.
The stent with an irrigation-drainage system
helps avoid salivary leakage into the pleural
cavity and provides optimal conditions for pre-
venting sepsis progress. Despite the existence
of only a few case series regarding the use of
a salivary bypass stent in esophageal conduit
ischemia and different manipulations, our case
provides an effective example of combined sali-
vary bypass stent and muscle flap repair.
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Successful Treatment of Leptomeningeal Metastasis
Using Intrathecal Chemotherapy in a Patient
Harboring an Epidermal Growth Factor Receptor
L858R Mutation: A Case Report

Geng-Ning Hu', Meng-Rui Lee', Chao-Chi Ho'

Leptomeningeal metastasis (LM) is a poor prognostic factor for lung cancer, and its
incidence is increasing in non—small cell lung cancer (NSCLC) patients. The treatment effect
of systemic chemotherapy and radiotherapy is not good. In patients with oncogenic drivers,
the treatment of choice is tyrosine kinase inhibitors (TKIs), which have a high central nervous
system (CNS) penetration ability. Here, we reported the case of 47-year-old female NSCLC
patient with an epidermal growth factor receptor (EGFR) L858R mutation who was diagnosed
as having LM via magnetic resonance imaging and cerebrospinal fluid cytology after
treatment with TKls, immunotherapy, chemotherapy, and anti-EGFR monoclonal antibody.
Salvage whole brain radiotherapy was administered. Owing to the progression of CNS
symptoms and intolerance of the side-effects of systemic anti-cancer therapy, osimertinib and
bevacizumab combined intrathecal chemotherapy with pemetrexed (IP) were initiated. The
patient achieved remission of neurologic symptoms, stable brain metastases and long-term
survival without notable adverse events. IP, when combined with tailored systemic anti-cancer
therapy, provides a potential therapeutic option for patients with EGFR-mutant LM who have
failed TKIs treatment. (Thorac Med 2023; 38: 255-260)

Key words: intrathecal chemotherapy, leptomeningeal metastasis, lung cancer
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Introduction

Up to 5% of patients with non-small cell
lung cancer (NSCLC) will develop leptomen-
ingeal metastasis (LM) at the time of initial
diagnosis or during treatment, and this is more
common among adenocarcinoma patients [1,2].

Furthermore, the incidence of LM is higher in
patients with epidermal growth factor receptor
tyrosine kinase inhibitor (EGFR-TKI)-targetable
mutations, because of the prolonged survival
achieved by molecular targeted therapy [3].

LM can cause damage to the cerebral hemi-
sphere, cranial nerves and spinal cord, and
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associated roots, resulting in a progressive de-
cline in the functional status of the patient and
rapid progression to mortality if left untreated.
Because of the limited ability to penetrate the
blood-brain barrier (BBB), traditional treatment
methods are not ideal. Despite the continuous
development of traditional treatments, such
as EGFR-TKIs, systemic chemotherapy and
whole-brain radiotherapy (WBRT), the progno-
sis for NSCLC patients with LM remains poor,
and median survival time is only 3-11 months
[2,4]. Limited data are available to establish
treatment recommendations for the manage-
ment of LM. Furthermore, no randomized trials
have shown a survival benefit from a specific
treatment, and the optimal strategy is still poor-
ly defined [5].

Pemetrexed is an anti-folate antimetabo-
lite. Compared with methotrexate, pemetrexed
has a broader spectrum of anti-tumor effects
through its targeting of 3 enzymes, including
thymidylate synthase, dihydrofolate reductase,
and glycinamide ribonucleotide formyl trans-
ferase [3]. Pemetrexed combined with platinum
is considered to be 1 of the first-line treatment
options for advanced NSCLC with or without
brain metastases [6-7]. This implies that peme-
trexed has the potential capacity to overcome
central nervous system (CNS) involvement.
Nevertheless, concentrations of pemetrexed in
the cerebrospinal fluid (CSF) remained low us-
ing the intravenous route [8-9]. Intrathecal che-
motherapy with pemetrexed (IP) may be a way
to overcome the limited CSF penetration. The
ChiCTR1800016615 study by Fan et al. found
that intrathecal administration of 50 mg of
pemetrexed resulted in few adverse events (AEs)
and achieved a good response rate of 84.6% for
patients with EGFR-mutant NSCLC-LM who
had failed TKIs [10].

Thorac Med 2023. Vol. 38 No. 3

Here, we report the case of a patient with
LM from EGFR mutation-positive NSCLC who
achieved both clinical and CSF cytological re-
sponses to IP.

Case Report

A 47-year-old woman presented to our
hospital in June 2018 with intermittent produc-
tive cough for months. She was a non-smoker
and had childhood asthma. Serial image studies
showed a left upper lung tumor with mediasti-
nal lymphadenopathies, right iliac bone metas-
tasis, and multiple brain metastases. Transbron-
chial biopsy was performed, and the pathology
confirmed lung adenocarcinoma. EGFR testing
revealed exon 21 L858R mutations. Systemic
anti-cancer therapy was started with erlotinib
150 mg daily and the anti-angiogenic agent
bevacizumab, which was shifted to osimertinib
80 mg daily in November 2018, due to its better
CNS permeation. Remission of brain metasta-
ses was noticed in the follow-up images.

However, the brain MRI in April 2019 re-
vealed progressive disease with enlarged brain
metastases. WBRT was initiated, and a double
dosage of osimertinib along with bevacizumab
were administered.

In early 2021, facial palsy with mild blurred
vision was noticed. Gait instability, hearing im-
pairment, and occasional loss of consciousness
were also recorded. LM was confirmed by brain
MRI in April 2021, showing hyperintensity at
the basal cistern and the fourth ventricle (Fig-
ure 1). The CSF analysis also revealed positiv-
ity of malignant cells, with L858R and TP53
mutations detected in the CSF next-generation
sequencing study. Thus, osimertinib combined
with immunotherapy, chemotherapy, and anti-
EGFR monoclonal antibody were implemented,
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Fig. 1. The status of BM and LM lesions before and after IP. (A-C) Brain MRI with contrast on July 4, 2018, revealed multiple metastatic brain
lesions located in the bilateral cerebral and cerebellar hemispheres (as indicated by the white arrows). (D-F) Brain MRI with contrast
on September 13, 2021, showed the onset of LM (as indicated by the white arrows). (G-I) Brain MRI with contrast on August 12, 2022,
showed stable LM lesions (as indicated by the white arrows) after 9 courses of IP. BM, brain metastases; LM, leptomeningeal metastasis; IP,
intrathecal chemotherapy with pemetrexed; MRI, magnetic resonance imaging.

including 1 cycle of atezolizumab, carboplatin,
and pemetrexed, and 1 cycle of cetuximab. Sal-
vage WBRT was also initiated. Nevertheless,
adverse effects including general malaise and
severe mucositis were reported. Intermittent
headache, hearing loss, and mild slurred speech
occurred during this period.

Owing to the progression of CNS symp-
toms and intolerance to systemic therapy, IP
was implemented on day 1 and 5 every 21 days,
along with auxiliary betamethasone via lumbar
drainage catheter. The dosage of pemetrexed
was set at 30 mg during the first 3 cycles and
titrated to 50 mg for the later cycles. The pa-
tient also continued to take high dose osimer-

tinib (160 mg daily) and bevacizumab. This
combined treatment relieved the neurological
defects and led to improvement in MRI images
of the lesions (Figure 1) and in CSF cytology.
Grade 2 neutropenia as an adverse effect was
recorded, with no significant complications.
Her condition related to LM remained stable for
the following 15 months. The whole course of
diagnosis and treatment has been organized as a
timeline (Figure 2).

Discussion

Most patients with NSCLC-LM are in a
critical, life-threatening condition. Patients with

Thorac Med 2023. Vol. 38 No. 3
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Osimertinib
16™Bevacizumab
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Fig. 2. Timeline for the diagnosis, treatment, and outcome of this patient. WBRT, whole brain radiotherapy; CNS, central nervous system; ITC,

intrathecal chemotherapy; MRI, magnetic resonance imaging; LM, leptomeningeal metastasis.

EGFR-mutated lung cancer have a higher inci-
dence of LM than their EGFR wild-type coun-
terparts (9.4% vs. 1.7%) [4].

There is currently no consensus or standard
guidelines for the treatment of LM associated
with advanced NSCLC [4]. The third-genera-
tion TKI osimertinib has standout antineoplas-
tic activity and several-fold higher ability to
permeate the BBB than other EGFR-TKIs [11].
Osimertinib has impressive efficacy in control-
ling both systemic and CNS diseases. Thus, it is
the preferred choice for patients with LM from
EGFR-mutant NSCLC [12]. NSCLC patients
with LM treated with osimertinib experienced
an LM objective response rate of 55% to 62%,
and median progression-free survival (PFS) of
8 to 11 months [13-15]. Based on the above-
mentioned evidence, we chose osimertinib for
this patient. The BLOOM study reported that
high-dose osimertinib (160 mg daily) had a sig-
nificant treatment effect on patients with EGFR-
mutant NSCLC with LM and a manageable
safety profile [13]. The median investigator-
assessed PFS was 8.6 months (95% CI: 5.4-13.7
months). Thus, current evidence supports the
use of high-dose osimertinib in EGFR-mutated
LM patients when standard-dose TKIs are inef-
fective.

Pemetrexed is a compound currently ap-

Thorac Med 2023. Vol. 38 No. 3

proved both in combination with platinum in
a first-line setting and as a single agent in a
maintenance or second-line setting for the treat-
ment of non-squamous NSCLC, especially
for patients with an adenocarcinoma histol-
ogy [5]. Pemetrexed demonstrated consistent
activity against brain metastases from NSCLC
with an intracranial response rate of about 40%
[6,16]. A previous study indicated that I[P was
an effective therapeutic approach against LM
from NSCLC [17], and that this approach can
achieve higher and more stable concentrations
in the CNS [18-19]. In the ChiCTR1800016615
study, the recommended dose of pemetrexed
observed in the phase 1 study was 50 mg [10].
Grade 3-4 myelosuppression, physical pain, or
headache was observed in this study, in spite
of supplementation with vitamin B12 and folic
acid. However, our case only had grade 2 my-
elosuppression. Whether an increased dose of
pemetrexed will increase the incidence of AEs
requires more evidence. However, the applica-
tion of a novel intrathecal drug like pemetrexed,
combined with appropriate systemic treatment,
could be considered for the treatment of LM
patients with NSCLC.

Bevacizumab is a recombinant human-
ized monoclonal antibody that targets vascular
endothelial growth factor. The BRAIN study
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reported the encouraging efficacy of bevaci-
zumab with first-line paclitaxel and carboplatin
in patients with asymptomatic, untreated brain
metastases with NSCLC [20]. The response rate
of brain metastases in this study was as high as
61.2% [21].

Radiotherapy can be effective for isolated
lesions in the brain, whereas whole brain and
craniospinal radiotherapy are not effective for
LM diffuse lesions; these approaches are con-
troversial due to severe marrow suppression
and increased mortality [22]. There is currently
no consensus about the role of WBRT in LM [3].

With respect to gene testing, the EGFR mu-
tation types in the CSF were highly concordant
with those in the primary tumor, suggesting that
gene testing of the CSF could guide clinical
management. Liquid biopsy of CSF is a reliable
method for identifying the genetic characteris-
tics of LM. This is because circulating tumor
DNA from CSF more accurately represents ge-
nomic alterations in CNS lesions than circulat-
ing tumor DNA from plasma [23]. A previous
study compared the different genetic profiles of
CSF to peripheral plasma and found that CSF as
a liquid biopsy specimen could facilitate trans-
lational research programs and help personalize
follow-up care [24].

In summary, IP showed controllable toxic-
ity and good efficacy, prolonged survival time
and improved quality of life when combined
with tailored systemic antitumor therapy in lung
cancer patients with LM. Further prospective
studies are needed to explore the optimal dose,
frequency of administration, and optimal treat-
ment duration of IP.

Conclusion

In this article, we presented the case of a

patient with NSCLC-LM harboring an EGFR
exon 21 L858R mutation, who responded well
to IP. This case provides a practicable option
for such patients. Furthermore, 50 mg of peme-
trexed is an appropriate dose with few adverse
effects and a promising response during the fol-
lowing 15 months.
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Hyperbaric Oxygen Therapy to Treat latrogenic Air
Embolism Following CT-guided Lung Biopsy: Case
Reports

Chuan-Yen Sun’, Yen-Wen Chen'?, Kuang-Yao Yang'?

Computed tomography (CT)-guided biopsy is a well-established technique to obtain lung
tissue for evaluation of a pulmonary lesion. Several complications after transthoracic biopsy
have been documented, but seldom led to a catastrophic outcome. Air embolism is a rare
but fatal complication of CT-guided lung biopsy and can result in morbidity and mortality.
Hyperbaric oxygen therapy (HBOT) is defined as treatment with 100% oxygen in air pressure
higher than 1.4 atmosphere absolute (ATA). It plays a crucial role in treating systemic air
embolism and may reduce neurological sequelae. (Thorac Med 2023; 38: 261-266)

Key words: air embolism, percutaneous lung biopsy, hyperbaric oxygen therapy

Introduction

Percutaneous CT-guided lung biopsy re-
mains a widely used method in diagnosing a
pulmonary nodule or mass [1]. Pneumothorax
and lung parenchymal hemorrhage are common
complications after the procedure, but seldom
lead to morbidity and mortality. Air embolism
is extremely rare, with an estimated incidence
of 0.01 to 0.4%, but this incidence could be
underestimated due to misdiagnosing cases
without symptoms [2]. Air embolism is caused
by the entry of air into systemic circulation, and
may lead to tissue or organ ischemia, such as
coronary infarction, stroke or spinal infarction.

Air bubbles in the systemic circulation may
block blood flow and cause tissue inflammation
and ischemia [3]. Urgent management of air
embolism is important to prevent further tissue
damage and reduce cardiac or neurological se-
quelae.

Hyperbaric oxygen therapy (HBOT) re-
mains the critical treatment for systemic air
embolism. HBOT can exchange nitrogen in air
bubbles with oxygen and induce bubble absorp-
tion, and, eventually, decrease bubble volume
[4]. A previous study reported that HBOT could
also lead to cercbral vasoconstriction, lower
intracranial pressure, and a better neurological
outcome [5].

'Department of Chest Medicine, Taipei Veterans General Hospital, Taipei, Taiwan, *School of Medicine, National

Yang Ming Chiao Tung University, Taipei, Taiwan

Address reprint requests to: Dr. Yen-Wen Chen, Department of Chest Medicine, Taipei Veterans General Hospital

201, Section 2, Shih-Pai Road, Taipei, 112, Taiwan

Thorac Med 2023. Vol. 38 No. 3



262 Chuan-Yen Sun, Yen-Wen Chen, et al.

We report below 2 cases of systemic air em-
bolism followed by percutaneous lung biopsy
treated with HBOT.

Case Report

Case 1

This 61-year-old male was an ex-smoker
with past medical histories of schizophrenia
under olanzapine treatment, chronic obstructive
pulmonary disease, hypertension, and hyperlip-

idemia, who presented with an isolated pulmo-
nary nodular lesion, measuring 2.0 cm, at his
right lower lobe (RLL) (Figure 1A). Therefore,
CT-guided lung biopsy was performed. Before
the procedure, there was no obvious abnormal
finding in his blood test. During his CT-guided
biopsy, the patient had sudden vigorous cough-
ing. Right after the coughing, the radiologist
found free air within the aorta and pneumome-
diastinum, with right-sided pneumothorax dur-
ing the procedure (Figure 1B) (Figure 1C). For-
tunately, his vital signs remained stable, and no

Fig. 1. (A) A 2.0 cm nodule is noted at the right lower lobe (RLL) of the lung, with pleural traction. (B) Computed tomography (CT)-guided
percutaneous lung biopsy for the RLL lesion. (C) Free air accumulation in the aorta (arrow) and pneumomediastinum (arrowhead) with

right-side pneumothorax (white arrow). (D) CT scan after hyperbaric oxygen therapy (HBOT), and there was no residual free air in the

cardiovascular system.

Thorac Med 2023. Vol. 38 No. 3
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neurological deficit was noted. The patient was
put in a Trendelenburg position immediately. A
12 French pig-tail drainage was inserted with a
negative pressure of 15 cm H2O for the right-
side pneumothorax. After the drain was placed,
the patient underwent a course of HBOT (2.5
ATA) for 2 hours in a multi-place chamber
(HAUX-IIFE SUPPORT, Germany). We repeat-
ed the whole-body CT scan 30 minutes after
HBOT, and it showed no residual free air (Figure
1D). He was found to have mild troponemia
(high-sensitive cardiac troponin T (hs-cTnT) of
151.0 ng /L) about 6 hours after the event (nor-
mal reference: 3.0-14.0 ng /L). The patient was
sent to the intensive care unit for further moni-
toring. The decline in his hs-cTnT level was
checked (57.5 ng /L). Subsequent observation
of the patient was uneventful and no neurologi-
cal deficit was noted during his follow-up.

Case 2

This 66-year-old man was a heavy smoker
and had the underlying disease of left renal cell
carcinoma status post-left open radical nephrec-
tomy. During the follow-up of his renal cell car-
cinoma at the outpatient genitourinary depart-
ment, a chest CT was arranged and an 8§ mm-

sized nodular lesion was seen at the RLL (Figure
2A). Observation at the outpatient chest surgery
department was suggested for the abnormal
RLL lesion. Another chest CT followed about
75 days later, and a slight increase in the size
of the RLL subsolid lesion, compared with the
previous image, was seen. Moreover, another
newly formed 5 mm lesion located at the RLL
was noted (Figure 2B and 2C).

Due to a high degree of suspicion of lung
metastasis, he was suggested to be admitted
for pre-operative CT-guided localization, and
for subsequent video-assisted thoracic surgery
(VATS) wedge resection of both of his RLL le-
sions. Prior to CT-guided localization of the 2
lesions, the blood test showed no contraindica-
tions to the procedure. According to the medi-
cal record, the patient denied any neurologic
discomfort, except that mildly blurred vision
was mentioned. Therefore, he received CT-
guided localization of his pulmonary lesions.
After deployment of the hook-wire to the first
lesion under CT guidance (Figure 3A), another
hook-wire cannula was advanced to the second
lesion. However, the patient had sudden vigor-
ous coughing and kept moving his body. The
procedure was discontinued immediately, and a

Fig. 2. (A) 8-mm nodular lesions at the RLL at the initial presentation (arrow). (B) Slight increase in the size of the previous RLL lesion during

follow-up (arrow). (C) Another new pulmonary lesion at the RLL seen in the following chest CT (arrow).

Thorac Med 2023. Vol. 38 No. 3
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Fig. 3. (A) A hook-wire was deployed at the RLL lesion under CT scan guidance. (B) Free air accumulation within the thoracic aorta (arrow) and

right-side minimal pneumothorax (arrowhead). (C) CT scan revealed no free air within the cardiovascular system after HBOT. Chest tube

insertion for right-side pneumothorax and a hook-wire at the RLL lesion.

whole lung CT scan was conducted right after
the event. The CT scan revealed minimal pneu-
mothorax and free air located in the thoracic
aorta (Figure 3B). The cannula for the second
lesion was removed. A chest tube was emplaced
for the right-side pneumothorax, and pure oxy-
gen was given.

The patient’s vital signs remained stable
during and after the event, and he was referred
for HBOT. Two hours of HBOT (2.5 ATA) was
performed and a whole-body CT scan followed.
No obvious air accumulation in the cardiovas-
cular system was observed (Figure 3C). The
patient underwent VATS wedge resection of
his pulmonary lesions 1 hour after confirming
that there was no residual free air. However, a
new neurologic sign, with eye deviation to the
right side, developed in the postoperative room.
Urgent magnetic resonance imaging (MRI)
of the brain was performed. The MRI showed
gyriform restricted diffusion at the bilateral
occipital lobes, more at the left side and pre-
dominant on the cortex, compatible with acute
stroke (Figure 4). There was no significant MR
angiography evidence of a visible filling defect
within the bilateral internal carotid arteries,

Thorac Med 2023. Vol. 38 No. 3

Fig. 4. Gyriform restricted diffusion at the bilateral occipital

lobes, more to the left side and predominant on the cortex,
compatible with acute stroke.

bilateral middle cerebral arteries, bilateral ante-
rior cerebral arteries, basilar artery, or bilateral
vertebral arteries. After consulting the neurolo-
gist, administration of anti-convulsive agents
was suggested. Furthermore, an ophthalmolo-
gist was consulted for the patient’s blurred vi-
sion, which was compatible with acute stroke in
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the bilateral occipital lobes with cortical blind-
ness. His blurred vision and limited extraocular
motion improved gradually after treatment and,
eventually, the patient was discharged under
relatively stable condition.

Discussion

Air embolism is a rare, but potentially fatal
complication after percutaneous CT-guided lung
biopsy. Air or gas embolism is a condition in
which air bubbles in the blood cause blood flow
obstruction, followed by tissue hypoperfusion
and cell death. A possible mechanism is gas
entering the pulmonary veins or arteries of the
systemic circulation. Another potential cause is
the formation of fistula between the pulmonary
veins and alveoli or bronchi caused by a biopsy
needle [6]. The risk factors related to systemic
air embolism include a lesion located at the
lower lobes of the lung, a lesion above the
level of the left atrium, use of a coaxial biopsy
device, longer distance between the ventilated
lung and the biopsy needle, number of biopsies,
coughing during the procedure, being under
positive pressure ventilation, and a lesion with
cavitation [7].

In the treatment of systemic air embolism,
HBOT plays an important role in reducing
morbidity. HBOT has 2 major mechanisms: hy-
peroxygenation and shrinkage of the air bubble.
According to Henry’s law, a pressure of 3 ATA
may lead to 6 ml of O2 dissolved in the plasma
and eventually increase oxygenation [8]. In an
application of Boyle’s law, a 6-fold increase
in the atmospheric pressure will shrink the air
bubble volume and diameter to 16.6% and 55%
of its original size and length, respectively, and
achieve decompression of the air bubble [9].

Cerebral air embolism is a serious and le-

thal complication of systemic air embolism.
Regarding this, some studies have reported that
HBOT may have some neuroprotective effects,
in addition to its previously mentioned benefits.
In some animal studies, the potential recovery
of cortical somatosensory ability was 50-fold
more in HBOT-treated animals than in a control
group [10]. Another animal study found that
after middle cerebral artery occlusion, HBOT
reduced striatal dopamine secretion and de-
creased focal brain injury [11]. Moreover, cere-
bral edema was improved by vasoconstriction
due to hyperoxygenation, and this led to better
neurological outcomes [12].

In previous experience, managing acute
gas embolism followed by percutaneous lung
biopsy required providing compression to 3
atmospheres for 90 minutes [13]. Both of our
patients were diagnosed with iatrogenic air
embolism caused by CT-guided percutaneous
lung biopsy and were referred to HBOT for 2
hours under 2.5 ATA right after the event. Nei-
ther patient had significant neurologic sequelae,
and were then discharged. Our experience with
these 2 cases suggests that early consultation
with an HBOT expert in treating systemic air
embolism is crucial. Further research is needed
to investigate the potential mechanism of how
neurologic outcomes are improved with HBOT.
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latrogenic Tracheal Diverticulum with Spontaneous
Recovery: A Case Report

Yun-Tse Chou', Sheng-Huan Wei', Chang-Wen Chen'?

Tracheal diverticulum is a consequence of focal weakness of the trachea wall. Tracheal
diverticula can be due to either congenital or acquired causes. Patients with tracheal
diverticulum are usually asymptomatic and the condition is self-limited, but may develop
serious infectious complications. We report the case of a 36-year-old female with iatrogenic
tracheal diverticulum diagnosed by thoracic CT scan and bronchoscopy, who had a
spontaneous recovery. (Thorac Med 2023; 38: 267-270)

Key words: Tracheal diverticulum, tracheal wall, iatrogenic, bronchoscopy

Background

Iatrogenic tracheal diverticulum is a poten-
tial complication after airway

intervention. Management depends on the
clinical symptoms. However, there are limited

reports describing the disease course of iat-
rogenic tracheal diverticulum, especially in a

critically ill patient. We reported here a case
of iatrogenic tracheal diverticulum and provide
a review of the literature.

Case Presentation

A 36-year-old female patient had a medical
history of systemic lupus erythematosus. One

month before admission, she underwent pulse
steroid therapy for class III lupus nephritis. Af-
terward, the patient had progressive dyspnea for
1 week, associated with low-grade fever and dry
cough. Computed tomography (CT) of the chest
demonstrated bilateral ground-glass opacities.
Hypoxemic respiratory failure developed, and
she was intubated for acute respiratory distress
syndrome (ARDS). The bronchoalveolar lavage
studies showed an infection of Prneumocystis
pneumonia, which was further managed by
trimethoprim/sulfamethoxazole. Due to antici-
pated prolonged mechanical ventilation (MV),
a surgical tracheostomy with a non-fenestrated,
size 7 tracheostomy tube was performed on day
12 of MV.
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However, subcutaneous emphysema de-
veloped soon after the operation. The chest ra-
diograph revealed no pneumothorax. Broncho-
scopic examination revealed a posterior tracheal
wall laceration located at the tip of the trache-
ostomy tube, with false lumen formation. There
was no evident tracheoesophageal fistula, and
the morphological classification was level II,
as proposed by Cardillo ef al. [1] However, CT
of the chest revealed a newly developed diver-
ticulum in the right posterolateral tracheal wall.
The volume of the diverticulum was around 15
x 7 x 16 mm. There was no evidence of medias-
tinal infection. Therefore, an iatrogenic tracheal
laceration leading to diverticulum formation
was diagnosed. Since the patient required only
minimal MV, and there was no progression of
pneumomediastinum or subcutaneous emphy-
sema, conservative treatment was concluded by
agreement in the multidisciplinary consensus
meeting. We changed to a size 7 non-kinking
tracheostomy tube and bypassed the diverticu-
lum under bronchoscopic guidance. Minimal
airway pressure and low tidal volume were also
applied.

Following treatment, the patient recovered
well from Pneumocystis pneumonia and was
smoothly weaned off ventilator support on day
34. Moreover, she corked well 1 month after
discharge, and the tracheostomy tube was re-
moved. The patient had regular follow-up at the
rheumatologist's clinic during the following 2
years. She had no respiratory complaints during
the period, and refused further bronchoscopic
interval exams. A follow-up CT of the chest
showed an absence of tracheal diverticulum at
the posterolateral wall. The iatrogenic tracheal
diverticulum had totally resolved spontane-
ously.

Thorac Med 2023. Vol. 38 No. 3
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Fig. 1. Chest radiography after tracheostomy creation showed
extensive subcutaneous emphysema.

Discussion

Here, we reported a 36-year-old woman
who suffered an unintended tracheal laceration

during surgical tracheostomy, that was
complicated with tracheal diverticulum. The di-
verticulum diminished spontaneously following
conservative treatment for 2 years. Acquired
tracheal diverticula can result from tracheoma-
lacia or sequelae of airway procedures, includ-
ing bronchoscopy, endotracheal intubation, and
surgery [2]. Unlike congenital tracheal diver-
ticula, acquired tracheal diverticula are pseudo-
diverticula and are usually self-limited, because
the lesion involves respiratory epithelium.

The clinical presentation of tracheal diver-
ticula is often asymptomatic. Cough, dyspnea,
stridor, or recurrent upper airway infection may
be observed. The differential diagnosis of tra-
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Fig. 2. CT of the chest after tracheostomy creation revealed tracheal
diverticulum.

Fig. 3. CT of the chest after 2 years showed resolution of the tracheal
diverticulum.

cheal diverticulum includes Zenker’s trachea
diverticulum, epical lung herniation, epical
lung blebs, laryngocele and pharyngocele. Once
suspected, bronchoscopy and advanced im-
age study, such as CT, are indicated. Flexible
bronchoscopy is recommended for a suspected
tracheal laceration or diverticula in a ventilated
patient, and should be carried out through the
endotracheal tube while pulling the tube back

to the level of the vocal cords. In patients ven-
tilated via tracheostomy, bronchoscopy via the
larynx while slowly pulling the tracheostomy
tube out is recommended, since the lesion may
be above the tube entry. Aside from bronchos-
copy, CT remains a good method to identify the
diverticulum. In addition to the characteristics
of the tracheal diverticulum, CT scan can reveal
the narrow orifice of the diverticulum, which
might be difficult to detect by bronchoscopic
exam, and possible infection of the diverticu-
lum.

There are a limited number of reports that
describe the disease course of acquired tracheal
diverticulum, especially in a critically ill ven-
tilated patient. It is unclear whether the diver-
ticulum would resolve and how much time it
would take to recover. The patient we reported
had more complex conditions because of her
immunocompromised status due to glucocorti-
coid use and Prneumocystis pneumonia, leading
to ARDS with positive MV. Sharma et al. [3]
reported a 34-year-old female with opioid abuse
that was admitted for acute pancreatitis and was
intubated for methicillin-resistant Staphylococ-
cus aureus pneumonia. Her endotracheal tube
was misplaced at the right main bronchus for 8
hours in the emergency department. CT of the
chest revealed a defect in the posterior-lateral
wall of the trachea, with pneumomediastinum.
Bronchoscopy showed an outpouching, 2 x 4
cm in size, located at 0.5 cm above the carina.
They assumed that the tracheal diverticulum
was related to single lung intubation, increased
cuff pressure, and critical illness weakening the
tracheal wall. They chose conservative treat-
ment with close monitoring. Follow-up CT and
bronchoscopy 3 days later showed a stationary
diverticulum without infectious sequelae. The
patient was extubated on day 5. One month

Thorac Med 2023. Vol. 38 No. 3
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later, a repeat bronchoscopy showed complete
resolution. The patient in our report also under-
went conservative treatment successfully. The
CT scan after 2 years revealed total resolution,
which might indicate that the diverticulum takes
months to years to recover.

Management of acquired tracheal diverticu-
lum depends on its symptoms. Conservative
treatment, including antitussive medication and
prophylactic antibiotics if the infectious episode
is concerning are reasonable for asymptomatic
patients [4]. Clinicians should closely monitor
the development of an infected diverticulum,
paratracheal abscess, or even empyema. In ven-
tilated patients, the tube should be positioned
under bronchoscopic guidance to make the cuff
contact the healthy mucosa and bypass the le-
sion. Cuff pressure should be as low as possible.
Furthermore, protective lung ventilation should
be used to avoid barotrauma and volutrauma.
Surgical resection is reserved for selected
young and symptomatic patients only. It should
be emphasized that surgical resection carries the
risk of injury to surrounding structures, such as
the laryngeal nerve and esophagus.

In conclusion, clinicians should be aware of
an iatrogenic tracheal diverticulum after inva-
sive airway procedures. Subcutaneous emphy-
sema or pneumomediastinum might precede the
diagnosis. Although the tracheal diverticulum
might resolve spontaneously, it might also lead
to potential consequences such as an abscess.
Early recognition and further image study ar-
rangement are key to treating an iatrogenic tra-
cheal diverticulum.

Thorac Med 2023. Vol. 38 No. 3

Fig. 4. Bronchoscopy revealed a false lumen of the tracheal

diverticulum.
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