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Impact of DPP-4 Inhibitors on Survival of Patients with
Non-Small Cell Lung Cancer — A Propensity Score-
Matched Analysis

Pang-Chieh Hung', Kuang-Tai Kuo', Tung-Yu Tiong', Yuan-Hung Wang?®,
*Wei-Ciao, Wu'

Introduction: Diabetes mellitus (DM) and cancer coexist in 8-18% of individuals with DM.
Dipeptidyl peptidase-4 inhibitor (DPP4i) is one of the hypoglycemic agents (OHA) that have
been found to be beneficial with various cancer patients, either in vitro or in vivo. The aim of
this study was to retrospectively examine overall survival (OS) with or without the usage of
DPP4i in DM patients with non-small cell lung cancer.

Methods: This single-center, propensity score-matched, retrospective comparative
study using electronic medical records evaluated DM patients with non-small cell lung
adenocarcinoma between January 2011 and December 2019 at Shuang Ho Hospital, Taiwan.
Patients were divided into Group 1, in which DPP4i was not taken with other OHA, and Group
2, in which DPP4i was taken combined with other OHA. We compared the OS between the 2
groups and tried to find some covariate that would influence OS in DM lung cancer patients.

Results: We enrolled 193 patients (150 in the non-DDP4i group (Group 1), and 43 in the
DDP4i group (Group 2)); 86 patients in Group 1 and 43 patients in Group 2 were matched
using propensity scores. In the matched cohorts, patients in the non-DDP4i group had poorer
OS than those in the non-DPP4i group, although without statistical significance; for 1-year,
2-year and 5-year OS, the hazard ratios were 1.37 (P = 0.304; 95% CI 0.753-2.479), 1.37 (P
=0.2; 95% C1 0.848-2.207) and 1.32 (P = 0.17; 95% CI: 0.890-1.946), respectively.

Conclusion: Dipeptidyl peptidase IV inhibitor (DPP4i) may have a benefit for OS in
NSCLC patients with comorbidity of DM, although there was no significant difference due to
the sample size. Among the DM lung cancer patients, female sex would be a better prognostic
factor for OS. (Thorac Med 2024; 39: 198-207)

Key words: DPP4i, diabetes mellitus, non-small cell lung cancer
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Introduction

Diabetes mellitus (DM) and cancer coexist
in 8-18% of individuals. An increasing amount
of evidence has revealed that DM has a posi-
tive correlation with the incidence of various
cancers, including lung cancer [1-4]. Moreover,
DM also plays an important role in the prog-
nosis of cancer patients. Lung cancer patients
also have many other prognostic factors that
would affect overall survival (OS), such as age,
pathological stage, and pathological pattern.
Although the mechanisms of DM that affect
cancer incidence and prognosis are not well-
researched, the accepted concept is that the
hyperinsulinemia, hyperglycemia, and inflam-
mation cytokines would induce abnormalities in
cancer cellular growth and division [5-7].

Oral hypoglycemic agents (OHA), includ-
ing metformin, thiazolidinedione (TZD), and
dipeptidyl peptidase IV inhibitor (DPP41),
have been reported to have a correlation with
decreasing risk or improving OS in a dose-de-
pendent manner among various cancer patients
[5, 8]. Clinically, DPP4i has been commonly
utilized mainly to control postprandial blood
sugar, and is often combined with other OHA
or insulin. DPP4i has the advantages of being
a convenient once-daily oral regimen, having
a low potential for pharmacokinetic drug-drug
interactions and good efficacy and safety pro-
files, including cardiovascular safety, and being
less harmful to renal function [9-10]. A grow-
ing body of evidence indicates that DPP4i has
an interesting role in cancer biology, and could
improve the clinical outcome of various cancers
[11-12].

Dipeptidyl peptidase IV (DPP4), also
known as cluster of differentiation 26 (CD26),

is a surface T cell activation antigen expressed
in many tissues, including but not limited to
the kidney, gastrointestinal tract, liver and bone
marrow, as well as on the surface of various
cell types, such as stromal, stem, epithelial, en-
dothelial, and immune cells, and is thought to
be multifunctional and participate in different
signaling pathways. DPP41i is able to modulate
lymphocyte function in many aspects, espe-
cially in T cell activation and signal transduc-
tion, which would have different impacts on
various autoimmune-related diseases, including
cancers [13-15]. Inhibition of DPP4 expression
has been reported to be a satisfactory therapeu-
tic target in certain cancer treatments. In an in
vitro study, a tumor model using a Lewis lung
carcinoma and a human lung adenocarcinoma
cell line was significantly suppressed when the
activity of CD26/DPP4 was inhibited [16-17].
DDP4i has also been shown to improve OS in
diabetes patients with chronic myeloid leuke-
mia, colorectal cancer with lung metastasis, and
prostate cancer [15, 18]. However, few studies
have focused on the influence of DDP4 inhibi-
tors on OS in diabetes patients with non-small
cell lung cancer (NSCLC), or on the effective
duration of DPP4i. The aim of this study was to
retrospectively examine OS with or without the
usage of DPP4i in DM patients with NSCLC.

Methods

Study design and patient selection

This study received ethical approval from
the Institutional Review Board (IRB) of Tai-
pei Medical University (Approval number:
N202101042). We screened the electronic medi-
cal records of Shuang Ho Hospital for consecu-
tive patients with NSCLC from January 2011
to December 2019. We found a total of 1286

Thorac Med 2024. Vol. 39 No. 3
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NSCLC patients and screened them for DM in
outpatient or hospitalization records; a total of
243 eligible patients were found. The exclusion
criteria were as follows: 1) younger than 18 or
older than 90 years (n=3); 2) no pathological
confirmed NSCLC (n=1); 3) second or third
primary lung cancer (n=38); 4) survival < 30
days (n=8). All selected patients had at least a
2-year follow-up. The patients were categorized
into either the DDP4i (n = 43) or non-DPP4i (n
= 150) group, based on whether DPP4i was pre-
scribed for at least 6 months after NSCLC was
diagnosed.

Clinical evaluation and outcome of the pa-
tients

Patients’ DM medicine history was retrieved
mainly by outpatient records. The patients in
the DPP4i group were prescribed DPP4i for at
least 6 months or until death after NSCLC was
diagnosed. The DPP4i group patients often had
combined usage with other OHA or regular
insulin (RI). Commonly used DPP4i included
linagliptin (Tradjenta), saxagliptin (Onglyza),
vildagliptin (Galvus) and sitagliptin (Januvia).

Primary outcome focused on 1-year, 2-year
and 5-year OS, which was defined as the dura-
tion between the date of first diagnosis of lung
cancer and the last follow-up time or the pa-
tient’s death. The last update on follow-up time
was August 2022. Secondary outcome would
focus on the possible risk factors for OS.

Statistical analysis and propensity score
matching

Continuous variables are presented as mean
+ standard deviation and categorized data are
presented as n (%). Continuous patient char-
acteristics were analyzed with the t-test for
normal distribution, and categorical character-

Thorac Med 2024. Vol. 39 No. 3

istics were analyzed with the chi-square test or
Fisher’s exact test. To eliminate the important
covariate differences between 2 groups, we uti-
lized propensity score matching (PSM), which
used the nearest-neighbor matching algorithm
with a 1:2 matching scheme for DM patients
with NSCLC, whether taking DPP4i or not. The
propensity score was estimated, and involved 2
variables: age and pathological stage, based on
their p-value in univariate analysis and known
important factors that would have an impact on
OS. We matched each case so that they had a
similar calculated propensity score with a cali-
per width of 0.2. Due to the small sample size,
we could not match more covariates to make 2
groups consistent. Kaplan-Meier curves were
used to obtain OS among patients, whether they
used DDP4i or not, and were evaluated by log-
rank test. Univariate Cox proportional-hazards
models were used to estimate the significance
level and hazard ratio (HR), with a 95% con-
fidence interval (CI). For all analyses, statisti-
cally significant differences were set at P < 0.05.
Statistical analysis was mainly performed using
SPSS version 25, and Kaplan-Meier curves
were drawn by the R version 4.3.1 software
program (R Foundation for Statistical Comput-
ing, Vienna, Austria).

Results

Between 1 January 2011 and 31 December
2019, 1286 patients from a single institution
(Shuang Ho Hospital) who were diagnosed with
NSCLC were enrolled; the patient selection
flowchart is presented in Figure 1. The baseline
characteristics of the unmatched and matched
patients are listed in each group (Table 1). The
median age of both groups was 69 years, with
an interquartile range (IQR) of 60 to 78 years,
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Table 1. Demographic Characteristics of Participants Before and After Propensity Score Matching.

Unmatched comparison Matched comparison

Characteristic I\I((;l:])]l;g; i 31];];:1) P- value N;);;i);:;i (ll)\;;l;:l) P- value
Age (years) <0.05 0.775

Median 68.0+8.9 71.5+10.4 71.54+8.8 71.5+10.4

Range 47-88 54-89 50-88 54-89
Gender, n (%) 0.474 0.334

Male 95(63) 24(56) 57(66) 24(56)

Female 55(37) 19(44) 29(34) 19(44)
BMI, kg/m’ 23.4+4.7 26.4+4.6 <0.05 23.7+4.8 26.4+4.99 <0.05
Smoke = Yes, n(%) 89(59) 18(42) 0.063 51(62) 18(42) 0.092
Location of tumor, n(%) 0.07 0.09

RUL 47(31) 13(30) 21(24) 13(30)

RML 12(8) 5(12) 7(8) 5(12)

RLL 15(10) 10(23) 11(13) 10(23)

LUL 45(30) 11(26) 27(31) 11(26)

ILILIL, 16(11) 4(9) 9(11) 4(9)

Multiple 15(10) 0(0) 11(13) 0(0)
II;I({)Z[;)loglc diagnosis on registration, 0907 0.663

Adenocarcinoma 101(68) 29(68) 54(63) 29(68)

Squamous cell carcinoma 38(25) 12(28) 25(29) 12(28)

Adenosquamous 3(2) 1(2) 1(1) 1(2)

Other 8(5) 1(2) 6(7) 1(2)
TNM stage, n(%) 0.349 0.711

I 26(17) 13(30) 18(21) 13(30.2)

I 10(7) 2(5) 5(6) 2(4.7)

111 35(23) 8(19) 19(22) 8(18.6)

v 79(53) 20(46) 44(51) 20(46.5)
CT=Yes, n(%) 83(55) 19(44) 0.263 47(55) 19(44) 0.350
RT= Yes, n(%) 52(35) 12(28) 0.518 27(36) 12(28) 0.314
TT= Yes, n(%) 33(22) 7(16) 0.547 22(26) 7(16) 0.332
IT= Yes, n(%) 5(3) 2(5) 0.653 2(2) 2(5) 0.600
OT= Yes, n(%) 53(35) 22(51) 0.09 30(35) 22(51) 0.113
Lobar resection, n(%) 33(22) 13(30) 0.165 18(21) 13(30) 0.206
Metformin= Yes, n(%) 92(61) 23(53) 0.454 52(60) 23(53) 0.570
Hypertension, n(%) 89(59) 34(79) <0.05 57(66) 34(79) 0.154
COPD, n(%) 16(11) 5(12) 0.788 11(12) 5(12) 1
CAD, n(%) 20 12 <0.05 11(13) 12(28) 0.061

BMI: Body mass index, RT: Radiotherapy, TT: Target therapy, IT: immune therapy, OT: operation therapy, COPD: Chronic obstructive pulmonary
disease. CAD: Coronary arterial disease.

Thorac Med 2024. Vol. 39 No. 3
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Patient diagnosed with primary NSCLC
between January 2011 to December
2019 (n=1286)

Pang-Chieh Hung, Kuang-Tai Kuo, et al.

Screened for history of DM (n=243)

h 4

NSCLC Patients without DM (n=1043)

DM patient with NSCLC (n=193)

v

Exclusion criteria

1.Younger than 18 or Older than 90-
year-old (n=3)

2.No pathological or clinical
confirmed(n=1)

3. Second or third primary lung

cancer(n=38)

DPP4i group Non-DPP4i
(n=43) (n=150)
, J
DPP4i group Non-DPP4i
(n=43) (n=86)

Fig. 1. Flow chart of study design and patient selection.

and there were more male than female patients
in both groups.

Patients in the DPP4i group were signifi-
cantly younger and more underweight than
those in the non-DPP4i group. The 1:2 PSM
analysis, using the abovementioned 2 variants,
yielded matched pairs of 43 DM patients with
lung cancer taking DPP4i and 86 DM patients
with lung cancer not taking DPP4i. In the
matching cohort, there was a significant differ-
ence only in BMI among inter-groups (P=0.003)
(Table 1).

Thorac Med 2024. Vol. 39 No. 3

Propensity score matching (1:2)
1. Age
2. Pathological stage

In the unmatched 5-year OS curve, the
median OS was 786 days in the DPP4i group
and 587 days in the non-DPP4i group. No sig-
nificant difference in survival probability was
observed between the 2 groups (HR = 1.25; P =
0.304; 95% Cl: 0.872-1.804; Figure 2).

Even after PSM, no significant difference
in survival probability was observed in each
group. In the matched 1-year, 2-year and 5-year
OS groups, the HR of the non-DPP4i group
compared with the DPP4i groups were 1.37 (P
= 0.304; 95% CI 0.753-2.479; Figure 3A), 1.37
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5-Year Overall Survival (P =0.2; 95% CI 0.848-2.207; Figure 3B) and
= DPP4i 3 NonDPP4 1.32 (P = 0.17; 95% Cl: 0.890-1.946; Figure

100 3C), respectively.
2 Univariate logistic regression analysis
E - revealed the predictors of shortened OS to
‘EL 050 be smoking (odds ratio (OR),1.642; 95% CI,
g 0251 1.138-2.389; p-value < 0.05), histological diag-
@ i nosis (squamous cell carcinoma vs adenocarci-
108 1 noma OR 1.654; 95% CI, 1.103-2.481; p-value

0 180 380 540 720 900 1080 1260 1440 1620 1800

Time < 0.05), late pathological stage (Stage III vs I
Fig. 2. 5-year Kaplan-Meier OS curve of the DPP4i (Red) and Non- OR 2.325; 95% CI, 1.321-4.092; p-value < 0.05;

DPP4i (Blue) groups before PSM.

Table 2. Prognostic Risk factors of 5 Year Overall Survival in Patients with Lung Cancer in the Matched data (n = 129).

Univariate Multivariable
Varibles HR 95% Cl1 P- value HR 95% CI P- value
Age (years) 1.012 0.993 -1.032 0.208
BMI 0.968 0.927-1.011 0.142
Gender
Female 0.449 0.245-0.823 <0.05 0.465 0.275-0.788 <0.05
Preoperative BMI
>24( kg/m2) 0.730 0.419-1.271 0.266
Smoke
Yes 1.642 1.138-2.369 <0.05 1.421 0.404-1.225 0.214
Hypertension
Yes 0.769 0.420-1.407 0.394
ScC
Yes 1.654 1.103-2.481 <0.05 1.742 0.404-1.225 0.06
TNM
I 1.129 0.462-2.764 0.790 1.020 0.068-1.833 0.968
I 2.325 1.321-4.092 <0.05 1.106 0.079-0.887 0.792
v 2.181 1.359-3.502 <0.05 1.456 0.116-1.469 0.300
Chemotherapy
Yes 1.929 1.320-2.818 <0.05 1.589 0.981-2.572 0.06
Radiotherapy
Yes 1.096 0.737-1.630 0.651
Immunotherapy
Yes 1.207 0.443-3.288 0.713
Target therapy
Yes 0.818 0.525-1.274 0.375
Surgery
Yes 0.458 0.269-0.782 <0.05 0.608 0.340-1.090 0.094
Metformin
Yes 0.869 0.601-1.256 0.454

* SCC: Squamous cell carcinoma

Thorac Med 2024. Vol. 39 No. 3
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1-Year Qverall Survival
A

~~ DPP4i ~~ NonDPP4i

Survival probability
= e
3 S
15 S

0 30 60 90 120 150 180 210 240 270 300 330 360
Time

2-Year Overall Survival

B ~+ DPP4i == NonDPP4i

1.00
075

0.50

Survival probability

0 60 120 180 240 300 360 420 480 540 600 660 720
Time

S-Year Overall Survival

C =+ DPP4i == Non-DPP4i

Survival probability

p=017

0 180 360 540 720 900 1080 1260 1440 1620 1800
Time

Fig. 3. (A) 1-year Kaplan-Meier OS curve of the DPP4i (Red) and
Non-DPP4i (Blue) groups after PSM; (B) 2-year Kaplan-Meier OS
curve of the DPP4i (Red) and Non-DPP4i (Blue) groups after PSM;
(C) 5-year Kaplan-Meier OS curve of the DPP4i (Red) and Non-
DPP4i (Blue) groups after PSM.

Stage IV vs I OR 2.181; 95% CI, 1.359-3.502;
p-value < 0.05), and chemotherapy (OR,1.929;
95% CI, 1.320-2.818; p-value < 0.05). The pre-
dictors of better OS were sex (female vs male,
OR 0.449; 95% CI, 0.245-0.823; p-value < 0.05)
and surgery (OR 0.458; 95% CI, 0.245-0.823;
p-value < 0.05) (Table 2). Multivariate logistic
regression analysis that included all covariates
revealed only that female sex yielded a longer
OS. (OR 0.465; 95% CI, 0.275-0.788; p-value
< 0.05) (Table 2).

Thorac Med 2024. Vol. 39 No. 3

Discussion

In our study, we compared OS between
each group of DPP4i and non-DPP4i patients.
No significant difference was found in OS
between unmatched or PSM-matched inter-
groups. However, the HR of 1-year OS, 2-year
OS, and 5-year OS (1.37; 1.37; 1.32, respec-
tively) revealed a worse survival outcome in
patients who did not take DPP4i. We also found
that lung cancer patients that were female may
have a benefit in 5-year OS. To the best of our
knowledge, this is the first report on the sur-
vival benefit of DPP4i in lung cancer patients.
In 2 recent studies, one of them using the
Surveillance, Epidemiology, and End Results
(SEER) database, usage of the DPP4 inhibitor
was found to be associated with a significant
improvement in OS among groups of colorectal
and lung cancer patients, but there was no im-
provement in the group of lung cancer patients
alone [18]. Another meta-analysis revealed
that DPP4i seems to improve survival in pros-
tate cancer patients, but not in breast cancer
or pancreatic cancer patients [11]. Due to the
complexity of chronic underlying diseases and
that there are too many comorbidities, whether
a combination of drugs, or the possible mecha-
nism of DPP4i itself, would affect the OS of
cancer patients, is still unclear.

For example, hypertension is another wide-
spread chronic disease that has characteristics
similar to those of DM, and it has also been
demonstrated to have a positive association
with the risk of several cancers, such as esopha-
geal, liver, kidney, colorectal and breast cancer
[19-20]. Antihypertensive and antihypergly-
cemic therapy are considered lifelong therapy,
so the importance of the carcinogenic potential
and the impact on cancer patient survival has
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also been studied for a long time. Angiotensin
I-converting enzyme inhibitors (ACEIs) and
angiotensin II type-1 receptor blockers (ARBs)
have been found to have benefit in progression-
free survival, but there was no significant dif-
ference in OS in NSCLC patients [21]. A large
propensity-matched cohort study revealed that
usage of ACIEs/ARBs would improve median
all-cause survival in lung cancer patients [22].
However, some studies did not find a survival
benefit with ACEI/ARB use: a study conducted
in Canada showed a weak association with in-
creased deaths for breast cancer and lung can-
cer patients, but that calcium channel blockers
(CCB) use was associated with improved sur-
vival in lung cancer patients [23].

The mechanisms of DDP4’s anticancer
activity have not been totally elucidated. The
correlation between DDP4 and lung cancer was
first described in 1993. Y. Asada, et al. found
that CD26/DDP4 activity was positive in lung
adenocarcinoma patients, rather than in squa-
mous cell carcinoma or small cell carcinoma
patients, so the expression was expected to be
a biomarker to differ pathological subtypes of
lung cancer [24]. Thus, there is a hypothesis
that inhibition of CD26/DDP4 would suppress
lung cancer growth. The inhibition of CD26/
DPP4 using vildagliptin would increase the
number of macrophages, NK cells and pro-
inflammatory cytokine IL-12, and further, an in
vivo mice study found that lung cancer growth
via surfactant-activated macrophages and mac-
rophage-mediated NK cell activity were sup-
pressed [17, 25]. As mentioned above, DPP4
also has an important role in immune regula-
tion. Ohnuma, et al. reported on the importance
of DPP4 hydrolytic activity for T-cell immune
reactions, which could up-regulate the co-
stimulatory molecules on the antigen-presenting

cells and further suppress tumor growth [26-27].

In our study, we found that OS was better
in the DDP4i group, but without a significant
difference. We believe that since DPP4i is de-
signed to treat DM, not cancer, the drug dose
and frequency would limit the drug's efficiency
in suppressing tumor growth, especially when
the cancer progresses from acquired resistance.
Some in vivo studies revealed the possibility
of a survival benefit when an adequate dose
of DPP4i is injected [17, 25]. Having different
comorbidities would also affect OS in lung can-
cer patients, but due to the small sample size,
we could not match more subgroup covariates.
Thus, above results in the study might lead to
the conclusion that DPP4i did not significantly
improve 5-year OS in cancer patients, including
lung cancer patients, but neglect the potential
survival benefit of DPP4i. In the future, further
studies with a larger data base, such as Taiwan's
National Health Insurance Research Database
(NHIRD), should be conducted to prove the
survival benefit of DPP4i in lung cancer pa-
tients.

Limitations

This study is retrospective in design, so se-
lection bias is inevitable. Furthermore, due to
the small sample size, subgroup analysis was
difficult to perform, and we believe a larger
sample size would help us confirm the benefit
of taking DPP4i. Third, we could not trace the
patient’s drug compliance and change in OHA
usage.

Conclusion

Dipeptidyl peptidase IV inhibitor (DPP4i1)
may have a benefit for OS in NSCLC patients
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with the comorbidity of DM, though we did not
find a significant difference due to the sample
size. Among combined DM and lung cancer pa-
tients, female sex would be a better prognostic
factor for OS.
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Lower Dose of First-Line Afatinib Treatment in
Patients with EGFR Mutation-Positive Advanced Lung
Adenocarcinoma: Real-World Data from a Tertiary
Hospital in Taiwan

Wei-Cheng Hong', Min-Hsi Lin", Chiu-Fan Chen’, Kuo-An Chu', Chun-Hsiang Hsu'

Introduction: Afatinib has favorable response rates and progression-free survival in lung
cancer patients with epidermal growth factor receptor (EGFR) mutations. However, dose
reduction is common due to severe side effects.

Methods: We enrolled patients with EGFR mutation-positive advanced lung
adenocarcinoma from 1 January 2015 to 31 December 2019, and retrospectively analyzed
the efficacy of low-dose (LD) and standard-dose (SD) afatinib treatment. Patients initially
started with either 30 mg or 40 mg; those that used 40 mg daily as a final dose were included
in the SD group, while those using less than 40 mg daily were in the LD group. The patients
received first-line afatinib until the occurrence of disease progression, death, or intolerable
adverse events. The primary outcome was time-on-treatment (ToT) and overall survival (OS).

Results: A total of 129 lung cancer patients were enrolled and received afatinib
treatment. Of these, 82 (63.6%) were on LD afatinib, and 47 (36.4%) were on SD afatinib.
Patients who received LD afatinib treatment tended to be older (48% vs. 28%), were more
likely to be female (61% vs. 26%), and had a low BMI (26% vs. 6.4%). The median ToT was
17.9 months in the LD group and 12.7 months in the SD group (HR: 1.28; 95% confidence
interval (CI): 0.86-1.91, p =0.218). Median OS was 29.5 months in the LD group and 24.6
months in the SD group (HR: 1.21; 95% CI: 0.79-1.85, p =0.372).

Conclusion: The ToT and OS of LD afatinib patients was similar to that of SD afatinib
patients. (Thorac Med 2024; 39: 208-218)

Key words: Lower-dose afatinib, lung adenocarcinoma, time-on-treatment, overall survival

Introduction more beneficial than traditional chemotherapy
in terms of reducing side effects and improv-

In treating EGFR-mutated non-small-cell ing quality of life. However, determining its
lung cancer (NSCLC) patients, we observed impact on overall survival (OS) is complicated,
that epidermal growth factor receptor (EGFR)- because many trials have allowed patients to
tyrosine kinase inhibitor (TKI) treatment was switch treatments if their condition worsened.

'Division of Chest Medicine, Kaohsiung Veterans General Hospital, Kaohsiung, Taiwan
Address reprint requests to: Dr. Chun-Hsiang Hsu, Division of Chest Medicine, Kaohsiung Veterans General
Hospital, No. 386 Dazhong First Rd., Zuoying Dist., Kaohsiung City 813414, Taiwan
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For now, TKI as a stand-alone treatment is still
favored as the standard of care [1]. Morcover,
in a worldwide randomized phase IIb study,
afatinib as a first-line treatment demonstrated
a significant enhancement in progression-free
survival (PFS), time until treatment failure, and
overall response rate (ORR) compared to gefi-
tinib for patients with EGFR mutation-positive
NSCLC [2].

Prominent adverse drug reactions (ADRs)
related to TKI treatment include diarrhea, rash/
acne, stomatitis, and nail issues. Diarrhea tends
to be more pronounced when afatinib is used,
but these adverse events can be effectively
managed through supportive care and, if neces-
sary, dosage adjustments [3]. A meta-analysis
revealed that among patients treated with first-
and second-generation EGFR-TKIs, 40% en-
countered severe (grade 3-4) ADRs. Notably,
the risk of grade 3-4 ADRs was lower with
gefitinib (29.1%) than with erlotinib (54.1%) or
afatinib (42.1%) [4].

The approved starting dose for afatinib is
40 mg/day. However, this dosage frequently
resulted in severe ADRs, leading to dose reduc-
tions in up to 28% to 53.3% of patients in the
LUX-Lung 3 and LUX-Lung 6 studies [5]. If
grade >3 ADRs occur or specific grade 2 ad-
verse events persist, the afatinib dose should
be modified [6]. Several reports indicated that
in patients with impaired kidney function (es-
timated glomerular filtration rate: 15-29 mL/
min/1.73 m2), a lower dose of afatinib may be
necessary [7-8].

This study aimed to determine if EGFR-
mutated NSCLC patients who received lower
final doses of afatinib experienced clinical ef-
fectiveness comparable to those receiving stan-
dard final doses.

Methods

Study population

This retrospective study used the data sub-
set from the Cancer Registry Database provided
by the Cancer Center of Kaohsiung Veterans
General Hospital. The study was approved by
the Institutional Review Board of Kaohsiung
Veterans General Hospital (IRB number: 23-
CT6-16), which waived the requirement of in-
formed consent. All methods used in this study
were performed in accordance with the direc-
tives of the Declaration of Helsinki.

We enrolled patients with EGFR mutation-
positive advanced lung adenocarcinoma from
1 January 2015 to 31 December 2019, and ana-
lyzed the efficacy of first-line afatinib treatment
retrospectively. We excluded patients with non-
stage IV, those with non-EGFR-TKI therapy
or receiving first-generation EGFR-TKI, and
those with time-on-treatment (ToT) and OS less
than 2 months. The patients received first-line
afatinib until the occurrence of disease pro-
gression, death, or intolerable adverse events.
Patients initially started with either 30 mg or
40 mg; those using 40 mg daily as a final dose
were included in the SD group, and those us-
ing less than 40 mg daily were placed in the LD
group. The initial dose was determined based
on the preferences and experience of the physi-
cian, and then the final dose was adjusted based
on the patient's tolerance.

The ToT and OS of first-line afatinib treat-
ment were defined as the time from the start of
the first treatment to the end of afatinib treat-
ment, and the date of death, respectively.

Measurement

The primary outcome was ToT and OS.
Clinical and demographic characteristics were
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reviewed, including age, gender, smoking his-
tory, EGFR mutation subtype, tumor size, nodal
status, BMI, Eastern Cooperative Oncology
Group (ECOG) performance status, metastatic
site and numbers, and comorbidities.

We also present the number of genetic tests
for each group of patients and the number of
patients receiving subsequent therapies, includ-
ing third-generation TKIs (osimertinib or other
generic medicine).

Statistical Analysis

Continuous variables with a non-normal
distribution were expressed as median (range),
and categorical variables were expressed as fre-
quency (percentage [%]). The ANOVA method
and Mann-Whitney test were used to compare
continuous variables in different groups. The
Chi-square test and Fisher’s exact test were
used to compare response rates in different sub-

Wei-Cheng Hong, Min-Hsi Lin, et al.

groups. ToT and OS were calculated using the
Kaplan-Meier method. Multivariate Cox regres-
sion analyses were applied to evaluate the ef-
fects of clinical factors on the prognosis of lung
cancer patients who received TKI treatment. All
statistical analyses were performed using SPSS
Statistics version 28.0 software. Statistical sig-
nificance was assumed at p < 0.05.

Results

1. Baseline characteristics of patients

A total of 129 lung cancer patients were en-
rolled and received afatinib treatment. Of these,
82 (63.6%) were on LD afatinib, 47 (36.4%) on
SD afatinib.

The flow chart of case collection is shown
in Figure 1, and clinical baseline characteristics
are shown in Table 1. Only 3 patients had their
dosage increased due to good tolerance; the

Patients with EGFR mutation-positive advanced lung adenocarcinoma from
1 January 2015 to 31 December 2019
(N=407)

A total of 278 patients were excluded
Non-stage IV (n=22)

Non-EGFR-TKI therapy (n= 24)
Received chemotherapy (n=4)

ToT < 2 months (n=34)

0OS < 2 months (n=13)

Receiving 1st gen. EGFR-TKI (n=181)

Afatinib low-dose
(n=82)

Afatinib standard-dose
(n=47)

Fig. 1. Flow Chart of Case Collection.
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Table 1. Comparison of Characteristics Between Patients Receiving LD Afatinib and Those Receiving SD Afatinib

Overall Afatinib LD Afatinib SD

Characteristic N = 129/ N =82 N=47' p-value’
Starting dose
<40 mg/day 54 (42%) 51 (62%) 3 (6%)
40 mg/day 75 (58%) 31 (38%) 44 (94%)
Gender <0.001
Female 62 (48%) 50 (61%) 12 (26%)
Male 67 (52%) 32 (39%) 35 (74%)
Age group 0.027
<65 77 (60%) 43 (52%) 34 (72%)
>65 52 (40%) 39 (48%) 13 (28%)
Smoking status” 0.2
Current 9 (7.0%) 5(6.1%) 4 (8.5%)
Former 32 (25%) 17 (21%) 15 (32%)
Never 88 (68%) 60 (73%) 28 (60%)
EGFR mutation 0.8
Exon 19 deletion 61 (47%) 37 (45%) 24 (51%)
Exon 21 L858R 58 (45%) 38 (46%) 20 (43%)
Others 10 (7.8%) 7 (8.5%) 3 (6.4%)
Tumor size 0.3
<3cm 35 (27%) 25 (30%) 10 (21%)
>3 cm 94 (73%) 57 (70%) 37 (79%)
Nodal status 0.2
NO 21 (16%) 16 (20%) 5(11%)
NI1/N2/N3 108 (84%) 66 (80%) 42 (89%)
BMI group 0.026
<185 24 (19%) 21 (26%) 3 (6.4%)
18.5-23.9 63 (49%) 37 (45%) 26 (55%)
>24 42 (33%) 24 (29%) 18 (38%)
ECOG group 0.7
0-1 108 (84%) 68 (83%) 40 (85%)
2-4 21 (16%) 14 (17%) 7 (15%)
Brain metastasis 22 (17%) 10 (12%) 12 (26%) 0.053
Bone metastasis 66 (51%) 43 (52%) 23 (49%) 0.7
Liver metastasis 17 (13%) 10 (12%) 7 (15%) 0.7
Adrenal metastasis 5(3.9%) 3 (3.7%) 2 (4.3%) >0.9
Lung metastasis 52 (40%) 35 (43%) 17 (36%) 0.5
Pleural metastasis 58 (45%) 42 (51%) 16 (34%) 0.059
Metastasis > sites 30 (23%) 20 (24%) 10 (21%) 0.7

"1 (%)

? Pearson’s Chi-squared test; Fisher’s exact test
“Former” smokers indicates patients who had quit smoking for more than 1 year.
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majority of the other patients either maintained
their initial dosage or reduced it. Patients who
received LD afatinib treatment tended to be
older (48% vs. 28%), were more likely to be
female (61% vs. 26%), and had a low BMI (26%
vs. 6.4%). There were no significant differences
in smoking status, EGFR gene mutation (exon
19 or 21), tumor size, nodal status, performance
status, or metastatic sites or numbers, between

the 2 groups.

The median ToT was 17.9 months in the LD
group, and 12.7 months in the SD group (hazard
ratio (HR): 1.28; 95% confidence interval (CI):
0.86-1.91, p = 0.218). The median OS was 29.5
months in the LD group, and 24.6 months in the
SD group (HR: 1.21; 95% CI: 0.79-1.85, p =
0.372) (Figure 2).

(A) Time on Treatment (months) among afatinib patients according to the final dose recieved
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(B) Overall survival (months) among afatinib patients according to the final dose recieved
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Fig. 2. ToT and OS for afatinib treatment. (A). ToT in patients receiving different final doses of afatinib. (B). OS for patients receiving different

final doses of afatinib.

2. Predictors of time-on-treatment and over-
all survival

To identify factors associated with ToT and
OS, we built several Cox regression models.
Patients with higher BMI (BMI = 24) tended
to have a better ToT (HR: 0.33; 95%; CI: 0.18-
0.62, p < 0.001) and OS (HR: 0.37; 95% CI:

0.19-0.70, p=0.003), according to a Cox model
adjusted for possible confounders. Patients with
initial liver metastasis had a shorter ToT (HR:
2.51;95% CI: 1.23-5.12, p=0.011), and patients
with initial brain metastasis had a shorter OS
(HR: 2.59; 95% CI: 1.16-5.81, p = 0.021) than
those without initial brain metastasis (Table 2).
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Table 2. Risk Factor Analyses of ToT and OS in Patients with Stage IV NSCLC Harboring EGFR-Activating Mutations

Thorac Med 2024. Vol. 39 No. 3

Facto'a Adjusted HR' 95% CI' p-value
Multivariate analysis of ToT
Standard afatinib dose (ref = low dose) 1.19 0.72,1.96 0.50
Female (ref = male) 0.68 0.39, 1.19 0.18
Age > 65 years (ref = < 65 years) 0.75 0.48,1.18 0.22
BMI group
<18.5 — —
18.5-23.9 0.61 0.35,1.08 0.090
>24 0.33 0.18, 0.62 <0.001
Tumor size > 3 cm (ref =<3 cm) 1.18 0.73,1.90 0.49
Nodal status N1/N2/N3 (ref = N0) 1.80 0.98, 3.30 0.059
EGFR mutation
Exon 19 del — —
Exon 21 L858R 1.42 0.89,2.26 0.15
Others 1.71 0.71, 4.09 0.23
Current or ever-smoker” (ref = never) 1.02 0.60, 1.71 0.95
ECOG PS 2-4 (ref = 0-1) 1.42 0.77,2.59 0.26
Brain metastasis 1.50 0.70, 3.24 0.30
Liver metastasis 2.51 1.23,5.12 0.011
Bone metastasis 1.15 0.69, 1.92 0.58
Lung metastasis 0.96 0.58, 1.62 0.89
Pleural metastasis 1.57 0.90, 2.74 0.11
Metastasis > 3 sites 0.96 0.46,2.01 0.92
Multivariate analysis for OS
Standard afatinib dose (ref = low dose) 0.96 0.55, 1.66 0.87
Female (ref = male) 0.44 0.24, 0.82 0.010
Age > 65 years (ref = < 65 years) 0.81 0.48, 1.36 0.42
BMI group
<18.5 — —
18.5-23.9 0.53 0.29, 0.97 0.041
>24 0.37 0.19, 0.70 0.003
Tumor size >3 cm (ref =<3 cm) 0.87 0.52, 1.45 0.60
Nodal status N1/N2/N3 (ref = N0) 3.50 1.57,7.80 0.002
EGFR mutation
Exon 19 del — —
Exon 21 L858R 1.64 0.97,2.77 0.067
Others 2.93 1.15,7.43 0.024
Current or ever-smoker” (ref = never) 0.81 0.46, 1.44 0.48
ECOG PS 2-4 (ref =0-1) 1.06 0.56,2.01 0.85
Brain metastasis 2.59 1.16,5.81 0.021
Liver metastasis 2.10 0.92,4.84 0.080
Bone metastasis 1.70 0.97,2.97 0.062
Lung metastasis 1.09 0.62,1.93 0.77
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Pleural metastasis 1.72 0.92,3.20 0.088
Metastasis > 3 sites 0.55 0.24,1.25 0.15

"HR = hazard ratio, CI = confidence interval

“Multivariate model adjusted for gender, age, BMI, tumor size, nodal staging, smoking status, differentiation.
" Former” smokers indicates patients who had quit smoking for more than 1 year.

The number of genetic tests for each group TKIs (osimertinib or other generic medicine)
of patients and the number of patients receiving are presented in Table 3.
subsequent therapies, including third-generation

Table 3. Subsequent Therapies

Subsequent therapy Afatinib LD N = 82 Afatinib SD N =47
Re-biopsy for EGFR testing

Liquid 12 6

Tissue 16 5

Liquid and tissue 1 1

T790M rate (T790M detected/tested) 11/30 5/12

Number of patients

Number of regimens

1 39 16
2 15 14
3 12 8
4 10 3
>5 6 6

First subsequent therapy

Received a first subsequent therapy 43 31
Cytotoxic chemotherapy 24 21
Osimertinib (T790M detected)
Osimertinib (T790M not detected)
Osimertinib (unknown)

Other EGFR-TKI

Immunotherapy

VEGF inhibitor

W = O O W

Second subsequent therapy

Received a second subsequent therapy 28 17
Cytotoxic chemotherapy 18 11
Osimertinib (T790M detected) 1
Osimertinib (T790M not detected) 2
Osimertinib (unknown) 1
Other EGFR-TKI 6
Immunotherapy 0
VEGEF inhibitor 0

Thorac Med 2024. Vol. 39 No. 3
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Discussion

Our study showed that patients who were
administered a daily dose of less than 40 mg of
afatinib as their final dosing had ToT and OS
outcomes that were comparable to those pa-
tients who received 40 mg daily. Also, patients
treated with a daily dose of less than 40 mg of
afatinib were more likely to be older, female,
and have a lower BMI than those who began
with 40 mg daily. These findings align with
those of previous research [9, 10].

For patients with EGFR mutation-positive
lung adenocarcinoma who received an ini-
tial dose of 40 mg afatinib, the median PFS
was 11.1 months in the LUX-Lung 3 and 11.0
months in the LUX-Lung 6 trials [11, 12].

In a phase 2 study, 30 patients initially re-
ceived afatinib at 40 mg orally daily, with dose
reductions to 30 mg or 20 mg based on toler-
ability. The median PFS was 11.8 months and
the incidence rate of grade > 3 toxicities was
57%, which indicated a reduction in treatment-
related adverse effects without compromising
therapeutic effectiveness [13]. In another phase
2 study in which patients were initially given a
lower daily dose of 20 mg afatinib, with subse-
quent increments of 10 mg up to a maximum of
50 mg daily, the reported PFS was 15.2 months
[14].

Subgroup analyses of elderly patients in the
LUX-Lung 3, LUX-Lung 6, and LUX-Lung
7 trials confirmed that afatinib is an effective
and well-tolerated treatment for EGFR-mutated
NSCLC patients, regardless of age [15]. One
phase 2 study that included 40 elderly patients
reported a shorter PFS of 12.9 months [16]. In
another phase 2 study of first-line afatinib for
38 patients aged > 75 years with EGFR muta-
tion-positive advanced NSCLC, median PFS
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was 14.2 months (95% CI: 9.5-19.0) [17].

In a retrospective analysis involving 630
patients with metastatic EGFR-mutant NSCLC
who were treated with either gefitinib or erlo-
tinib, individuals with a higher BMI (> 25 kg/
m’) exhibited better PFS and OS than those
with a lower BMI (< 18.5 kg/m2) [18]. For pa-
tients with advanced-stage NSCLC, regardless
of their EGFR mutation status, lower BMI was
associated with inferior outcomes [19-20].

The phase 3 LUX-Lung 3 and LUX-Lung 6
trials documented median OS durations of 31.4
and 33.3 months, respectively [5]. A real-world
study conducted in Japan, where afatinib was
used as first-line treatment, revealed a median
OS of 39.5 months [21]. Another real-world
study in Taiwan showed that the OS of the 30
mg and 40 mg groups, with durations of 34.0
and 25.2 months, respectively, was comparable
[10].

Prior clinical trials suggested that a daily
starting dose of 40 mg of afatinib was recom-
mended for patients with EGFR mutation-
positive lung cancer. Patients who had their
dosage reduced to 30 mg exhibited geometric
mean afatinib plasma concentrations of 23.3
ng/ml, similar to the concentrations of 22.8 ng/
ml in those who continued with a 40 mg dosage
[5]. One recent pharmacokinetic and pharma-
cogenomic analysis of LD afatinib treatment in
elderly patients showed that Css (steady-state
concentration) was consistent with findings
from prior studies, and notably elevated in pa-
tients experiencing grade 3 adverse events [22].

There are several reasons why the clini-
cal outcomes of SD and LD are similar. First,
although the LD group had a higher proportion
of elderly patients and those with a low BMI,
which may lead to a poorer prognosis [23],
there was also a higher proportion of females,
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and female lung cancer patients typically have a
better prognosis [24-25]. Second, if the dosage
was adjusted due to intolerability, the serum
concentration would not differ significantly [5].
Third, the side effects resulting from the re-
duced dosage were also fewer, which in turn re-
duces the likelihood of discontinuing treatment
[11-12].

This study has several limitations. First,
it was a single-center retrospective study, and
there were significant differences in the char-
acteristics of the 2 groups that might make the
results less reliable than other standard prospec-
tive clinical trials. Second, the number of cases
enrolled in the study was relatively low for a
retrospective study. Third, we did not assess the
renal function of the patients in this study. In el-
derly patients, impaired kidney function can po-
tentially impact drug metabolism. Finally, up to
38% of patients who initially started with a 40
mg/day dosage would eventually reduce their
dosage. However, only 6% of patients who ini-
tially started with a dosage lower than 40 mg/
day would increase their dosage in the end. It is
unclear whether the decision to not increase the
dosage for the remaining 94% was due to phy-
sician choice or the patients' drug tolerance.

In conclusion, a lower dose of afatinib at a
daily dose of less than 40 mg may represent an
effective and well-tolerated treatment choice. A
further large-scale prospective trial is urgently
needed to confirm these findings.

References

1.Greenhalgh J, Boland A, Bates V, et al. First-line
treatment of advanced epidermal growth factor receptor
(EGFR) mutation positive non-squamous non-small cell
lung cancer. Cochrane Database Syst Rev 2021 Mar 18;
3(3): CD010383.

2.Park K, Tan EH, O'Byrne K, et al. Afatinib versus
gefitinib as first-line treatment of patients with EGFR
mutation-positive non-small-cell lung cancer (LUX-Lung
7): a phase 2B, open-label, randomised controlled trial.
Lancet Oncol 2016 May; 17(5): 577-89.

3. Califano R, Tariq N, Compton S, et a/. Expert consensus
on the management of adverse events from EGFR
tyrosine kinase inhibitors in the UK. Drugs 2015 Aug;
75(12): 1335-48.

4.Ding PN, Lord SJ, Gebski V, et al. Risk of treatment-
related toxicities from EGFR tyrosine kinase inhibitors: a
meta-analysis of clinical trials of gefitinib, erlotinib, and
afatinib in advanced EGFR-mutated non-small cell lung
cancer. J] Thorac Oncol 2017 Apr; 12(4): 633-43.

5.Yang JC, Sequist LV, Zhou C, et al. Effect of dose
adjustment on the safety and efficacy of afatinib for
EGFR mutation-positive lung adenocarcinoma: post hoc
analyses of the randomized LUX-Lung 3 and 6 trials.
Ann Oncol 2016 Nov; 27(11): 2103-10.

6. Boehringer Ingelheim website. Available at: https://pro.
boehringer-ingelheim.com/products/giotrif/

7.US Food and Drug Administration. Label. Available
from:https://www.accessdata.fda.gov/drugsatfda_docs/
label/2019/201292s0151bl.pdf

8. Wiebe S, Schnell D, Kiilzer R, et al. Influence of renal
impairment on the pharmacokinetics of afatinib: an open-
label, single-dose study. Eur J Drug Metab Pharmacokinet
2017 Jun; 42(3): 461-69.

9. Yang CJ, Tsai MJ, Hung JY, et al. The clinical efficacy of
afatinib 30 mg daily as starting dose may not be inferior
to afatinib 40 mg daily in patients with stage IV lung
adenocarcinoma harboring exon 19 or exon 21 mutations.
BMC Pharmacol Toxicol 2017 Dec 13; 18(1): 82.

10.Chen YC, Tsai MJ, Lee MH, et al. Lower starting
dose of afatinib for the treatment of metastatic lung
adenocarcinoma harboring exon 21 and exon 19
mutations. BMC Cancer 2021 May 3; 21(1): 495.

11. Sequist LV, Yang JC, Yamamoto N, ef al. Phase III study
of afatinib or cisplatin plus pemetrexed in patients with
metastatic lung adenocarcinoma with EGFR mutations. J
Clin Oncol 2013 Sep 20; 31(27): 3327-34.

12.Wu YL, Zhou C, Hu CP, et al. Afatinib versus cisplatin
plus gemcitabine for first-line treatment of Asian patients

with advanced non-small-cell lung cancer harbouring

Thorac Med 2024. Vol. 39 No. 3



218 Wei-Cheng Hong, Min-Hsi Lin, et al.

EGFR mutations (LUX-Lung 6): an open-label,
randomised phase 3 trial. Lancet Oncol 2014 Feb; 15(2):
213-22.

13. Nakamura A, Tanaka H, Saito R, et al. Phase II study
of low-dose afatinib maintenance treatment among
patients with EGFR-mutated non-small cell lung cancer:
North Japan Lung Cancer Study Group Trial 1601
(NJLCG1601). Oncologist 2020 Oct; 25(10): e1451-56.

14. Yokoyama T, Yoshioka H, Fujimoto D, et a/; Kyoto
Thoracic Oncology Research Group (KTORG). A phase
II study of low starting dose of afatinib as first-line
treatment in patients with EGFR mutation-positive non-
small-cell lung cancer (KTORG1402). Lung Cancer 2019
Sep; 135: 175-180.

15.Wu YL, Sequist LV, Tan EH, et al. Afatinib as first-line
treatment of older patients with EGFR mutation-positive
non-small-cell lung cancer: subgroup analyses of the
LUX-Lung 3, LUX-Lung 6, and LUX-Lung 7 trials. Clin
Lung Cancer 2018 Jul; 19(4): e465-79.

16.Imai H, Kaira K, Suzuki K, et al. A phase Il study of
afatinib treatment for elderly patients with previously
untreated advanced non-small-cell lung cancer harboring
EGFR mutations. Lung Cancer 2018 Dec; 126: 41-47.

17. Minegishi Y, Yamaguchi O, Sugawara S, et al. A phase
II study of first-line afatinib for patients aged >75 years
with EGFR mutation-positive advanced non-small cell
lung cancer: North East Japan Study Group trial NEJ027.
BMC Cancer 2021 Mar 1; 21(1): 208.

18.Park S, Park S, Lee SH, et al. Nutritional status in the
era of target therapy: poor nutrition is a prognostic factor

in non-small cell lung cancer with activating epidermal

Thorac Med 2024. Vol. 39 No. 3

growth factor receptor mutations. Korean J Intern Med
2016 Nov; 31(6): 1140-49.

19. Minami S, Thara S, Nishimatsu K, ef al. Low body mass
index is an independent prognostic factor in patients with
non-small cell lung cancer treated with epidermal growth
factor receptor tyrosine kinase inhibitor. World J Oncol
2019 Dec; 10(6): 187-98.

20.Chen YM, Lai CH, Lin CY, et al. Body mass index,
weight loss, and mortality risk in advanced-stage non-
small cell lung cancer patients: a focus on EGFR
mutation. Nutrients 2021 Oct 24; 13(11): 3761.

21. Tanaka H, Taima K, Itoga M, et al. Real-world study of

—_

afatinib in first-line or re-challenge settings for patients
with EGFR mutant non-small cell lung cancer. Med
Oncol 2019 May 14; 36(6): 57.

22.Mizugaki H, Oizumi S, Fujita Y, ef al. Pharmacokinetic
and pharmacogenomic analysis of low-dose afatinib
treatment in elderly patients with EGFR mutation-
positive non-small cell lung cancer. Eur J Cancer 2022
Jan; 160: 227-34.

23.Tas F, Ciftci R, Kilic L, ef al. Age is a prognostic factor
affecting survival in lung cancer patients. Oncol Lett
2013 Nov; 6(5): 1507-13.

24. Nakamura H, Ando K, Shinmyo T, e a/. Female gender
is an independent prognostic factor in non-small-cell lung
cancer: a meta-analysis. Ann Thorac Cardiovasc Surg
2011; 17(5): 469-80.

25.Thomas L, Doyle LA, Edelman MJ. Lung cancer in
women: emerging differences in epidemiology, biology,
and therapy. Chest 2005 Jul; 128(1): 370-81.



Successful Treatment with Entrectinib after Crizotinib-
Induced Hepatitis in a ROS1-Positive Advanced Lung
Cancer Patient: A Case Report

You-Cyuan Liang', Shian-Chin Ko?

Lung cancer, a commonly occurring cancer, is responsible for the highest number
of deaths in Taiwan, regardless of gender. Targeted therapy is more effective than
chemotherapy in treating advanced pulmonary adenocarcinoma harboring mutant driver
genes. Crizotinib is an oral small-molecule tyrosine kinase inhibitor that targets anaplastic
lymphoma kinase, mesenchymal-epithelial transition factor, and c-Ros oncogene 1 receptor
(ROS1) tyrosine kinase. The most common adverse effects with crizotinib use are visual
disorders, gastrointestinal upset and dysgeusia. However, impaired liver function and
elevated aminotransferase levels are not rare. We presented the case of a 73-year-old male
who was diagnosed with ROS1-positive metastatic lung adenocarcinoma under crizotinib
treatment, who suffered from poor appetite, gastric pain and fullness. Elevated serum
aminotransferase and bilirubin levels were found. After excluding other causes of hepatitis,
the diagnosis of crizotinib-induced liver toxicity was made. The offending drug was withdrawn
and oral silymarin and intravenous glycyrrhizin were given. His liver function recovered after
6 weeks, and another targeting ROS1 drug, entrectinib, was prescribed uneventfully. Due to
the potential for elevated aminotransferase levels and the development of hepatitis during
crizotinib treatment, we recommend close monitoring of liver function while using crizotinib.
(Thorac Med 2024; 39: 219-227)

Key words: entrectinib, crizotinib, hepatitis, ROS1, lung cancer.

Introduction

Crizotinib is a tyrosine kinase inhibitor
(TKI) that targets the anaplastic lymphoma
kinase (ALK) fusion oncogene, ROS proto-on-
cogene 1 receptor tyrosine kinase (ROS1), and

others. It is approved for patients with a variety
of malignancies, and is mainly focused on cer-
tain ALK- or ROS1-positive cancers. At pres-
ent, the Food and Drug Administration (FDA)
of the United States has approved crizotinib
for patients with metastatic non-small cell lung
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cancer (NSCLC) whose tumors are ALK- or
ROSI-positive, ALK-positive anaplastic large
cell lymphoma or an ALK-positive inflamma-
tory myofibroblastic tumor in pediatric patients
[3]. In Taiwan, crizotinib was approved for
treatment of ALK- or ROS1-positive advanced
NSCLC [4].

Crizotinib has been shown to be superior to
standard chemotherapy for both first-line and
subsequent treatment in patients with advanced
NSCLC with ALK rearrangement [5-6]. First-
line crizotinib had a higher response rate and
longer progression-free survival (PFS) than
platinum-pemetrexed chemotherapy in patients
with advanced ROS1+ NSCLC [7]. However,
the use of crizotinib can be associated with side
effects. Elevated serum aminotransferase is not
rare with the use of crizotinib, but hepatotoxic-
ity above grade 3 is uncommon [5].

ROS1 rearrangement is found in only 0.9-
2.6% of NSCLCs, mostly in lung adenocar-
cinomas [8]. Since 2016, crizotinib has been
the first-line reference therapy, with two-thirds
of patients’ tumors responding and PFS last-
ing about 20 months [8]. Crizotinib-induced
hepatitis is rarely reported among patients with
ROS1-positive lung adenocarcinoma [9]. We
herein report a case of ROS1-positive metastat-
ic lung adenocarcinoma that was treated with
crizotinib. Hepatitis symptoms with elevated
serum aminotransferase and bilirubin levels
developed after 3 weeks of crizotinib therapy.
Crizotinib-induced hepatitis was favored after
excluding other etiologies, so it was discontin-
ued immediately, and silymarin and glycyrrhi-
zin were given. The patient’s hepatitis improved
after discontinuation of the offending agent for
6 weeks. Crizotinib was then replaced with en-
trectinib for further treatment.

Thorac Med 2024. Vol. 39 No. 3

Case Presentation

A 73-year-old male was incidentally found
to have a right lung nodule on chest radiog-
raphy during management of urinary bladder
stones in February 2014. Chest computed to-
mography (CT) scan showed a pulmonary nod-
ule, 3.6 cm x 2.4 c¢m in size, with an irregular
margin and adjacent minor fissure retraction in
the right middle lobe (RML) (Fig. 1A). How-
ever, CT-guided biopsy reported only chronic
inflammation. Because of the chronic inflam-
mation in the biopsy report, the patient agreed
to outpatient follow-up and received antibiotic
treatment. However, the lung lesions continued
to grow during the outpatient follow-up pro-
cess. Increased serum carcinoembryonic anti-
gen level (6.8 ng/mL) was also found. Follow-
up chest CT in July 2015 revealed a progressive
RML spiculated mass, 5.1 x 4.1 cm in size (Fig.
1B). On July 27, 2015, video-assisted thoraco-
scopic surgery (VATS) was performed for right
middle lobectomy and lymph node dissection.
The pathology report revealed lung adenocar-
cinoma, with a tumor stage of pT2bN2MO,
classified as stage IIIA according to the 7th
edition of the American Joint Committee on
Cancer (AJCC) staging system. Later, he was
referred to the chest medicine outpatient clinic
for subsequent systemic therapy, in accordance
with the National Comprehensive Cancer Net-
work (NCCN) guidelines. No mutations in the
epidermal growth factor receptor (EGFR) were
detected. Four cycles of adjuvant chemotherapy
with vinorelbine and cisplatin were then given.

Two years later, follow-up chest CT scan in
September 2017 revealed a new subsolid nod-
ule, 6 mm in size, at the left upper lobe (LUL)
of the lung (Fig. 1C). Multiple lung nodules
grew slowly over 4 months (Fig. 1D). CT-
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Fig. 1. Serial chest CT scan. A. Feb. 2014: right middle lobe (RML) irregular mass-like lesion of the lung with adjacent minor fissure retraction

(black arrow). B, Jul. 2015: progressive RML spiculated mass. C, Sep. 2017: a new subsolid nodule over the left upper lobe (LUL) of the lung (white
arrow) during follow-up. D, Jan. 2018: slow progression of the LUL subsolid nodule with suspicious subtle slow progression of the bilateral lung
acinar nodules and mediastinal lymph nodes. E, Aug. 2022: progressive bilateral lung metastasis and a right upper lobe (RUL) nodule (arrowhead)
before crizotinib and entrectinib treatment. F, Mar. 2023: regressive change in the RUL metastatic nodule after crizotinib (in Oct. 2022) and
entrectinib (since Dec. 2022) treatment.
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guided re-biopsy of the LUL nodule in March
2018 showed recurrence. Tumor re-staging was
T2aN2Mla, IVA (AJCC 8th edition). Palliative
chemotherapy with pemetrexed and cisplatin
was given first, and then severe skin rashes
with itching developed, favoring an allergic
reaction to pemetrexed. Further chemotherapy
with 6 cycles of gemcitabine and cisplatin was
prescribed during June and November 2018,
with a partial response, followed by 6 cycles of
docetaxel monotherapy during October 2019
and February 2020, with stable disease, based
on Response Evaluation Criteria in Solid Tu-
mors (RECIST) 1.1 criteria [10]. Chest CT scan
in July 2020 revealed progressive disease [10].
The chemotherapy regimen was changed to oral
vinorelbine from July 2021 to September 2022,
and limited change in bilateral lung-to-lung me-
tastasis was noted.

Chest CT scan in August 2022 revealed
progressive bilateral lung metastasis and a right
upper lobe (RUL) nodule (Fig. 1E). Since the
results of various chemotherapy treatments
were not satisfactory, he underwent surgical re-
biopsy through VATS wedge resection of the
LUL in August 2022. The surgical re-biopsy
specimen was sent for genetic testing using an
AmoyDx Pan Lung Cancer PCR Panel, and
ALK detection was performed using the im-
munostaining method. The genetic testing re-
port revealed ROS1-positive adenocarcinoma.
Crizotinib was prescribed in October 2022.
After a 22-day regimen, the patient presented to
the emergency department with the chief com-
plaint of poor appetite, gastric pain and fullness
for 3 days. Physical examination revealed slight
epigastric tenderness. Laboratory examination
revealed a white blood cell count of 9,900/uL,
with segment neutrophils: 71.1%, lymphocytes:
14.5%, and monocytes: 7.6%. Hb was 13.2 g/
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dL, with aspartate aminotransferase (AST): 261
U/L, alanine aminotransferase (ALT): 436 U/L,
total bilirubin: 1.46 mg/dL, direct bilirubin: 0.80
mg/dL, ammonia: 38 umol/L, alkaline phospha-
tase: 132 IU/L, albumin: 3.0 g/dl and lipase: 57
U/L. IgM antibodies against hepatitis A virus
(anti-HAV IgM), hepatitis B surface antigen
(HBsAg), IgM antibody against hepatitis B core
antigen (anti-HBc IgM), and hepatitis C anti-
body (anti-HCV) were all negative. Antinuclear
antibody (ANA) was 1:40 positive with a cyto-
plasmic and speckled pattern. A SARS-CoV-2
antigen rapid test was negative. Abdominal CT
scan showed a periportal edema pattern, ascites,
mild fatty liver, hepatic cysts in both lobes, and a
stable cystic lesion in the pancreatic tail without
biliary tree dilatation (Fig. 2). During hospital-
ization, prothrombin time was 15.3 seconds, the
international normalized ratio was 1.42, and D-
dimer was 3,540.9 ng/ml. IgG was 1,352 mg/dl.

A gastroenterologist was consulted, and
drug-induced liver injury by crizotinib was fa-
vored as a diagnosis. Liver biopsy for definitive
diagnosis was suggested, but the patient refused
it. Crizotinib was discontinued immediately.
Oral silymarin and intravenous glycyrrhizin
were given at the patient’s expense. His liver
function improved gradually and serum amino-
transferase and bilirubin levels returned to nor-
mal range after 6 weeks (Fig. 3).

After crizotinib withdrawal for 6 weeks,
and with a recovered liver function, treatment
was switched to entrectinib. The patient’s liver
function remained within normal range, and his
condition was well controlled after changing
the drug, with a partial response [10] evaluated
in March 2023 (Fig. 1F). Muscle soreness and
mildly elevated creatine-phospho-kinase (CPK
291 mg/dL) were found during the use of en-
trectinib.
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Fig. 2. Abdominal CT scan on Oct. 2022. Periportal edema (arrow head) and mild ascites were detected, which was compatible with acute hepatitis
after 23 days of crizotinib treatment.
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Fig. 3. Clinical course of the patient treated with crizotinib. ALT, alanine aminotransferase; AST, aspartate aminotransferase; Bil., total bilirubin.
Crizotinib was discontinued on Oct. 31 (red arrow).
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Discussion

Elevated aminotransferase levels were seen
in about 30% of patients with ALK-positive
advanced NSCLC using crizotinib in phase
III trials [5, 6]. Similar phenomena were also
observed in patients with ROS1-positive ad-
vanced NSCLC [2]. A study published in 2021
using the FDA Adverse Event Reporting Sys-
tem (FAERS) database from January 2013 to
December 2019 reported 6 crizotinib-induced
fulminant hepatitis cases [11]. Several cases of
crizotinib-induced fulminant hepatitis have also
been reported [12, 13, 14]. Most cases were
reported as hepatotoxicity categorized as hepa-
tocellular injury, rather than cholestasis. How-
ever, the mechanisms behind the injuries are
still not known [9]. A basic study reported using
HepG2 cells in vitro and a mice model in vivo,
and reported that crizotinib caused hepatotox-
icity that was associated with oxidative stress,
apoptosis and/or necrosis, and that crizotinib in-
duced apoptosis via the mitochondrial pathway.
Although this finding may offer a hint to help
in understanding the related mechanism of liver
injury, further studies are needed to understand
the mechanism underlying the relationship be-
tween crizotinib-induced oxidative stress and
the mitochondrial apoptotic pathway [15]. Our
patient did not meet the criteria of fulminant
hepatitis, but the grade 3 adverse effect of acute
hepatitis was observed. A case report mentioned
crizotinib-induced acute hepatitis with relapse
after reintroduction with a reduced dose [16].
We chose medication replacement instead of
a rechallenge of crizotinib due to the patient’s
worry and safety concern.

It is important to understand the risk factors
for patients who are susceptible to crizotinib-
induced liver injury. However, little is known
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about this. A retrospective, single center study
published in 2018 reported that among 153
NSCLC patients treated with crizotinib from
February 2012 to April 2018, those with the
presence of liver disease or hepatitis B virus
(HBV) and the use of H2-antagonists or pro-
ton pump inhibitors appeared to have a higher
risk for hepatotoxicity [17]. Despite the study’s
limitation as a retrospective design and single
center study, it still provides valuable data
regarding those who may be candidates to un-
dergo close monitoring of liver function. In ad-
dition, crizotinib is metabolized by CYP3A [3].
This might be another concern as to whether
crizotinib has drug interactions with CYP3A4
inhibitors or inducers, and further has an impact
on liver injury [18]. Our patient was not diag-
nosed as an HBV carrier and did not use proton
pump inhibitors. He had visited an outpatient
clinic where famotidine was prescribed before
he presented to the emergency room that same
day. Furthermore, our patient had been using
the long-term CYP3A substrate amlodipine,
tamsulosin, and short-term oral metoclopramide
and domperidone. We considered these drugs
to have a lower likelihood of causing hepatitis,
which improved after crizotinib withdrawal.

In our case, oral silymarin and intravenous
glycyrrhizin were prescribed for hepatitis treat-
ment. Silymarin, extracted from milk thistle,
has been used with certain hepatitis clinically.
A review published in January 2024 described
its therapeutic efficacy of silymarin in alcoholic
liver disease, liver cirrhosis (alcoholic and non-
alcoholic), liver injury (antituberculosis drug-
induced), non-alcoholic fatty liver disease and
nonalcoholic steatohepatitis [19]. Its therapeutic
effectiveness may originate from a variety of
mechanisms, such as anti-inflammatory and
anti-oxidant actions [20]. Glycyrrhizin, a com-
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pound from licorice root, is another drug and
was developed for hepatoprotective manage-
ment in China and Japan [21]. In China, mag-
nesium isoglycyrrhizinate has been approved
for the treatment of acute drug-induced liver
injury, including hepatocellular and mixed liver
injury [22]. However, no literature was found
regarding the effect of silymarin or glycyrrhizin
treatment on crizotinib-induced hepatitis. Oral
desensitization may be helpful for crizotinib-
induced hepatitis [18, 23]. We did not perform
oral desensitization in our patient, for only case
reports on its effectiveness were found [18, 23].

In cases of ROS1-positive NSCLC, in
which crizotinib is not feasible for targeted
therapy, the alternative is entrectinib, as in our
case, because Taiwan’s National Healthcare
Insurance covers both crizotinib and entrectinib
for ROS1-positive advanced NSCLC [4, 24].
Entrectinib is an oral, small molecule inhibitor
that targets tropomyosin receptor kinase, ROS1,
and ALK. It is used to treat locally advanced or
metastatic solid tumors with neurotrophic tyro-
sine receptor kinase1/2/3, ROS1 and ALK gene
fusion mutations [25]. A recent study evaluated
the long-term efficacy and safety of entrectinib
in ROS1-positive NSCLC [26]. Among 168
TKI-naive patients, the objective response rate
(ORR) was 68%. The median survival follow-
up, median duration of response (DoR), median
PFS and median overall survival (OS) were
29.1, 20.5, 15.7 and 47.8 months, respectively.
The intracranial ORR of the 25 patients with
measurable baseline central nervous system
(CNS) metastases was 80%. The median intra-
cranial DoR and PFS were 12.9 and 8.8 months,
respectively. Among 18 patients with CNS-only
progression on previous crizotinib treatment,
2 achieved a partial response (11%), and 4 had
stable disease (22%). The intracranial ORR of

7 patients with measurable CNS disease in this
cohort was 14% (1 partial response). Among
224 patients, 211 (94%) experienced at least 1
treatment-related adverse event (TRAE). The
most frequent grade 1 to 2 TRAEs were dys-
geusia in 90 patients (40%), dizziness in 82
(37%) and constipation in 71 (32%). The most
frequent grade 3 TRAE was increased weight
in 25 patients (11%). Grade 4 TRAEs were
rare, and there were no TRAE-related deaths.
Serious TRAEs occurred in 33 patients (15%),
and the most frequent was pyrexia in 4 patients
(2%) [26]. There is no current literature regard-
ing fourth- or fifth-line entrectinib use in such
patients. Our patient received entrectinib treat-
ment with a partial response, as presented in
Fig. 1E and Fig. 1F.

ANA could be detected in connective tissue
diseases, for example, systemic lupus erythe-
matosus [27], but healthy people and those with
some non-rheumatic diseases [28], as well as
certain types of autoimmune hepatitis or other
liver diseases, for instance, fatty liver disease,
drug-induced liver injury disease, or viral hepa-
titis [29], may also present ANA. Although
ANA 1:40 positive was detected in our case, a
variety of differential diagnoses should be con-
sidered, as mentioned above. The ANA result
itself has no diagnostic value [28]. Liver biopsy
could be used in the evaluation of abnormally
elevated liver enzymes, and help assess the na-
ture and severity of different liver diseases [30].
Although we did not perform biopsy in our pa-
tient, when we discontinued crizotinib, serum
aminotransferases and bilirubin levels subse-
quently improved, suggesting that crizotinib-
induced hepatitis was more likely. In addition,
COVID-19 may cause elevated aminotransfer-
ases [31]. However, the SARS-CoV-2 antigen
rapid test was negative and there was no as-

Thorac Med 2024. Vol. 39 No. 3



226 You-Cyuan Liang, Shian-Chin Ko

sociated manifestation on chest radiography in
our patient, so COVID-19-induced acute liver
injury was not likely.

Conclusion

Lung cancer, a commonly occurring can-
cer, is responsible for the highest number of
deaths in Taiwan, regardless of gender [1]. Cur-
rently, crizotinib is approved for treatment of
ALK- or ROS1-positive NSCLC in Taiwan [4].
However, crizotinib-induced hepatitis is an un-
common but potentially fatal side effect. Close
monitoring of liver function during crizotinib
administration should be taken into account. If
crizotinib-induced hepatotoxicity is suspected, a
liver biopsy may be considered for histological
evaluation to establish the diagnosis of drug-
induced liver injury [30], provided there are
no contraindications. Once crizotinib-induced
hepatitis is suspected or diagnosed, discontinu-
ation of crizotinib is the preferred treatment,
based on limited evidence. Whether a doctor
should choose reintroduction of crizotinib with
a reduced dose, desensitization, or replace-
ment with other medications for such patients,
is still unknown. Further studies are warranted
regarding the etiology, evaluation, management
strategies and prognosis of crizotinib-induced
hepatitis.
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Tocilizumab and Systemic Steroids in Severe
COVID-19 with Acute Exacerbation of Idiopathic
Pulmonary Fibrosis: A Case Report and Literature
Review
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Tocilizumab, a potent interleukin-6 (IL-6) receptor antagonist, has demonstrated a
survival benefit against severe COVID-19 in clinical trials. However, the safety and efficacy of
its use in populations with multiple comorbidities are unknown. Here, we report a challenging
case with acute exacerbation of idiopathic pulmonary fibrosis (AE-IPF) triggered by SARS-
CoV-2 infection, which is the first ever presented. AE-IPF is commonly triggered by pulmonary
infection, and results in a poor prognosis with limited treatment options. Superimposed SARS-
CoV-2 infection may further complicate the management and outcome. Hesitation about the
prescription of tocilizumab was resolved through comprehensive multidisciplinary discussions
in our interstitial lung disease board. The rationale of tocilizumab prescription is based on
flourishing data on the role of IL-6 in AE-IPF, and the potential benefit of fibroblast suppression
in both in vivo and in vitro studies. Successful management with much improved oxygenation
and pulmonary infiltration is documented and further supports the use of tocilizumab in such
a complex situation. Since there is a scarcity of effective treatments for AE-IPF, investigations
on the role of IL-6 antagonist in the management of AE-IPF are needed. (Thorac Med 2024;
39: 228-233)
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antibody with accumulating experience in treat-
ing a variety of connective-tissue diseases over
the last decade [1]. During the coronavirus dis-
ease 2019 (COVID-19) pandemic, tocilizumab
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was also authorized for the treatment of severe
COVID-19 based on several randomized-
controlled trials [2]. However, the efficacy and
safety of tocilizumab in treating patients with
COVID-19 complicated with acute exacerba-
tion of idiopathic pulmonary fibrosis (AE-IPF)
have never been reported. Herein, we present
the case of a patient with concurrent severe
COVID-19 and AE-IPF who was successfully
treated with tocilizumab.

Case Presentation

A 60-year-old man with idiopathic pulmo-
nary fibrosis (IPF), early-stage lung cancer,
diabetes mellitus, and hypertension presented
to the emergency room with a 5-day history of
progressive dyspnea. He had been diagnosed
with COVID-19 10 days before admission via
rapid antigen test and completed antiviral thera-
py with nirmatrelvir/ritonavir. On arrival, a low
but detectable viral load was found with a cycle
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threshold number of 29, as determined by poly-
merase chain reaction. Physical examination
revealed tachycardia (117 beats/min), tachy-
pnea (28 breaths/min), and severe hypoxemia
with pulse oximeter oxygen saturation (SpO,)
of 80% under ambient air. Labored breathing
with accessory muscle use was observed, and
was partially relieved by supplemental oxygen
therapy through a non-rebreathing mask. The
chest radiograph and computed tomography
(CT) scans showed increased bilateral reticula-
tion and ground-glass opacity superimposed on
background fibrosis and honeycombing (Figure
1 and Figure 2). Laboratory tests found border-
line leukocytosis (10110 cells/uL), mildly el-
evated C-reactive protein (45.34 mg/L), lactate
dehydrogenase (248 IU/L), d-dimer (1.4 mg/L),
ferritin (192.8 ng/mL), and normal B-type natri-
uretic peptide (10.4 pg/L) and troponin-I (0.0034
ng/mL).

On admission to the intensive care unit,
his peripheral blood oxygen saturation/frac-
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Fig. 1. Chest radiograph at (A) Four months previous, as baseline. (B) Initial presentation of acute exacerbation. (C) Three days after tocilizumab

use. In a 60-year-old man, (A) Baseline peripheral reticulation and an apical-basal gradient pattern of fibrosis was seen on chest radiograph 4

months ago. Note the left upper lung tumor is not prominent on the plain film. (B) Increased bilateral interstitial infiltration and ground-glass

opacity was seen on chest radiograph when he presented to the emergency room for severe COVID-19 and superimposed AE-IPF. (C) Partial

resolution of bilateral ground-glass opacity was found 3 days after tocilizumab therapy.

Thorac Med 2024. Vol. 39 No. 3
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Fig. 2. Computed tomography scans: (A) and (D) Four months previous, as baseline. (B) and (E) Initial presentation of acute exacerbation. (C) and

(F) Sixteen days after tocilizumab use. In a 60-year-old man, (A) and (D) A baseline usual interstitial pattern, subpleural honeycombing and traction

bronchiectasis, is depicted on CT scans 4 months previous, with left upper lung tumor which received stereotactic ablative radiotherapy. (B) and (E)

Significantly increased bilateral ground-glass opacity was seen when he presented to the emergency room for severe COVID-19 and superimposed

AE-IPF. (C) and (F) Regression of the bilateral ground-glass opacity, especially at the right upper lung, was seen 16 days after systemic steroid and

tocilizumab therapy.

tion of inspired oxygen (SpO,/Fi0,) ratio was
138. High-flow nasal cannula with a flow rate
of 45 L/min and a FiO, of 70% was started. In
addition to maintenance of the baseline antifi-
brotic agent, nintedanib, a 200 mg loading dose
of remdesivir on Day 1, followed by 100 mg
daily for up to 4 additional days, and systemic
steroid with methylprednisolone 120 mg per
day were administered for AE-IPF triggered by
COVID-19 infection. Broad-spectrum antibiotic
therapy with cefoperazone/sulbactam was also
administered to cover possible superimposed
bacterial infections, although no bacteria or vi-
rus other than COVID-19 was isolated during
hospitalization. Despite treatment, a persistent
rapid-shallow breathing pattern and a low SpO,/
Fi0O, ratio of 158 were still noted on Day 3.

Thorac Med 2024. Vol. 39 No. 3

Single intravenous tocilizumab (8 mg per kilo-
gram, a total dose of 480 mg) was administered
under the recommendation of the multidisci-
plinary team of interstitial lung disease (ILD)
at our hospital, considering its effectiveness for
severe COVID-19 and theoretically potential
benefit for AE-IPF.

Significant regression of bilateral ground-
glass opacity was observed on the follow-up
chest radiograph on Day 6 (Figure 1), as well
as improving SpO,/FiO, ratios of 195 and 242
on Day 5 and Day 7, respectively. Mitigation of
respiratory effort was also reported subjectively
by the patient afterward. Methylprednisolone
was tapered from 120 mg per day to 80 mg per
day on Day 5, and then to 40 mg per day on
Day 8, based on clinical improvement. Sys-
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temic steroid was shifted to oral prednisolone
of 25 mg per day on Day 11, with a 5 mg decre-
ment every other day thereafter. The follow-up
chest computed tomography (CT) scans showed
partial resolution of ground-glass attenuation,
especially in the right upper lobe of the lung
(Figure 2). The high-flow nasal cannula was
discontinued on Day 13. The patient was dis-
charged on Day 20, with a SpO,/FiO, ratio of
344 and maintenance prednisolone of 10 mg
per day.

Discussion

A dysregulated immune response and an
exaggerated cytokine storm are presumed
causes of severe COVID-19 disease [3]. An
anti-inflammation strategy is the mainstream of
severe COVID-19 management, and includes
systemic steroids and inhibitors targeting the
specific immunomodulating pathway. Interleu-
kin-6 (IL-6) is recognized as a major mediator
of an overshooting host response, and a signifi-
cantly elevated serum level of IL-6 has been
observed in critical patients with COVID-19
[4]. Several randomized-controlled trials have
demonstrated the treatment efficacy of tocili-
zumab, an IL-6 receptor antagonist, especially
in reducing mortality and the need for mechani-
cal ventilation [2]. Of note, steroids may have a
role in this regard because tocilizumab tends to
exhibit significant efficacy when combined with
systemic steroids [5].

The exact pathophysiology of AE-
IPF remains unclear. Maladaptive response
to lung injury triggered by extrinsic stimuli,
including viral infections, subsequent diffuse
alveolar damage and activation of inflammatory
cells and fibroblasts are recognized as a major
paradigm of AE-IPF [6]. No strong evidence-

supported treatment algorithm is available, but
systemic steroid has been used widely in AE-
IPF management in an attempt to interrupt
flare-up inflammation [7]. In our patient, sys-
temic steroid was administered for both COV-
ID-19 and AE-IPF. Persistent acute hypoxemic
respiratory failure, despite standard care, is the
current indication for tocilizumab treatment for
COVID-19 disease, but its efficacy with AE-
IPF is uncertain. Diffuse bilateral ground-glass
opacity and reticulation found on CT are typical
but nonspecific to both COVID-19 pneumonia
and AE-IPF. No characteristic clinical or labo-
ratory presentation has been verified to evaluate
the contribution of each disease in the patient.

Pulmonary embolism is another possible
etiology for the acute respiratory failure in this
patient, since both this malignancy and COV-
ID-19 can lead to thrombophilia. However, the
radiological presentation of significant wors-
ening of pulmonary parenchymal reticulation
and ground-glass opacities, and the absence of
a typical Westermark sign or Hampton hump
made pulmonary embolism less likely. In ad-
dition, a d-dimer cut-off value of 3.0 mg/L was
validated in a previous multicenter retrospective
cohort for the initiation of venous thromboem-
bolism screening and anti-coagulation therapy
[8], although our patient had a relatively low
d-dimer level of 1.4 mg/L. Finally, successful
management of acute respiratory failure without
anti-coagulation therapy further supported the
exclusion of pulmonary embolism.

Complex interactions between the patho-
physiology of COVID-19 and AE-IPF do exist.
For instance, IPF might increase host suscepti-
bility to viral infections, including COVID-19
[9], and the acute insult triggered by COVID-19
might lead to exacerbation of IPF. Individual-
ized therapy is needed, and measurement of the
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serum IL-6 level may be helpful, but it is not
available in most facilities. Besides COVID-19,
enthusiasm for targeting inflammation cascades
of AE-IPF is emerging. Elevated serum IL-6
levels in patients with AE-IPF was observed in
a small prospective cohort, and positively cor-
related with mortality [10]. In vitro, increased
paracrine IL-6 secretion is seen in the primary
culture of fibroblasts derived from patients
with IPF. Normal human pulmonary fibroblasts
treated with conditioned medium of IPF pul-
monary fibroblasts showed upregulation of the
IL-6/STAT3/Smad3 axis, a pathway involved in
pulmonary fibrosis, and the effect was inhibited
by tocilizumab [11]. More studies are needed to
clarify the role of IL-6 in the molecular mecha-
nisms of AE-IPF.

However, the efficacy of tocilizumab in
treating fibrosing lung diseases seems promis-
ing. Recently, a phase III randomized placebo-
controlled trial (focuSSced trial) of systemic
sclerosis-associated ILD (SSc-ILD) demon-
strated the efficacy of tocilizumab in the preser-
vation of lung function [12]. Based on available
evidence, tocilizumab is recommended after
discussion within our multidisciplinary team on
ILD. The successful management experience
in our case highlights the safety and potential
efficacy of tocilizumab treatment in the concur-
rent severe COVID-19 and AE-IPF scenario.
Although the clinical outcome was impressive
in our patient, the optimal dose and frequency
of tocilizumab treatment requires further study.

Conclusion
In conclusion, our case has provided impor-
tant clinical experience regarding the safety of

tocilizumab treatment combined with systemic
steroids for severe COVID-19 superimposed

Thorac Med 2024. Vol. 39 No. 3

with AE-IPF. Increasing evidence from in vitro
and in vivo studies shows that IL-6 may play
a critical role in the pathophysiology of both
severe COVID-19 and AE-IPF. Recent clinical
trials have already proved the efficacy of IL-6
inhibitor in COVID-19. More comprehensive
clinical and biological investigations are needed
to evaluate the potential effects of tocilizumab
on AE-IPF combined with severe COVID-19.
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Effective Management of EGFR L718Q Mutation
Revealed by Liquid Biopsy Using 30 mg Afatinib after
Osimertinib Treatment Failure

Sheng-Bin Fan', Chih-Jen Yang'?

Developing resistance to tyrosine kinase inhibitors poses a significant challenge in
treating EGFR-mutated non-small cell lung cancer. One known cause of resistance to
osimertinib is the EGFR L718Q mutation, which interferes with the drug's binding efficacy
and consequently leads to resistance. We reported an 81-year-old female patient who was
diagnosed with adenocarcinoma in the left lower lung, exhibiting distant metastasis and an
EGFR L858R mutation. Treatment with osimertinib led to a 25-month progression-free period
before the disease progressed with an enlarged liver metastatic tumor. Although the tissue
biopsy yielded inadequate samples, a liquid biopsy identified an EGFR L718Q mutation. This
discovery led to the patient being switched to 30 mg of afatinib. Remarkable shrinkage in
liver metastases was observed after 5 months of afatinib treatment, without notable adverse
reactions. Presently, the patient continues to exhibit stable disease status during ongoing

follow-up. (Thorac Med 2024; 39: 234-240)

Key words: afatinib, osimertinib, EGFR L718Q mutation, non-small cell lung cancer

Background

Lung cancer is currently the leading cause
of death worldwide, and has the highest mortal-
ity among all malignant tumors [1-2]. This phe-
nomenon may be due to the fact that most lung
cancers are diagnosed at an advanced stage, and
choices of antineoplastic treatment have been

limited. In the past, chemotherapy and radio-
therapy were considered to be mainstay treat-
ments for advanced lung cancer. Fortunately,
with the evolution of molecular diagnosis, more
new treatments, such as targeted therapy and
immune checkpoint inhibitors, are being devel-
oped and may be considered as first-line treat-
ment.
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Among Asian populations, the prevalence
of an epidermal growth factor receptor (EGFR)
mutation is much higher than in Caucasian
patients, especially in patients with adenocarci-
noma and in never-smokers [3]. Hence, EGFR
tyrosine kinase inhibitors (TKIs) are regarded
as a crucial treatment option for EGFR-mutated
non-small cell lung cancer (NSCLC), offering
improved progression-free survival (PFS) and
fewer side effects than traditional cytotoxic che-
motherapy [4]. Nevertheless, the emergence of
acquired resistance to TKIs poses a significant
challenge in treating these patients. Advance-
ments in molecular testing continually reveal
new mechanisms of resistance and mutations.
Notably, the EGFR T790M mutation has been
found to be a prevalent cause of acquired re-
sistance following the use of first- or second-
generation TKIs [5].

Osimertinib, a third-generation TKI, is
established as a standard first-line therapy for
NSCLC with susceptible EGFR mutations,
and has been proven effective against acquired
EGFR T790M-mutated NSCLC. Developing
resistance to osimertinib represents a signifi-
cant obstacle in the treatment of advanced lung
cancer. One notable mechanism of resistance
is the EGFR L718Q mutation. The search for
effective treatments targeting this specific muta-
tion is ongoing and remains a critical area of re-
search [6]. In this report, we highlight a case in
which a patient with an EGFR L718Q mutation
was successfully treated with 30 mg afatinib as
an effective salvage therapy after osimertinib
treatment.

Case Presentation

An 81-year-old woman was referred to
Kaohsiung Medical University Hospital in

March 2021 due to a history of reduced appetite
and unintentional weight loss. Initial diagnostic
imaging revealed a bronchogenic mass in the
left lower lobe of the lung, accompanied by
lymphadenopathy in several regions, includ-
ing the left supraclavicular area, left upper
mediastinum, left hilar region, and precarinal,
subcarinal, and epigastric areas. Additionally,
multiple lesions were identified in the left pleu-
ra, liver, bones, and brain. Biopsies from the
left lung mass and liver confirmed a diagnosis
of adenocarcinoma in the left lower lobe of the
lung, with extensive metastasis to non-regional
lymph nodes, and the left pleura, liver, bones,
and brain, thus classifying the condition as
stage IVB (cT4N3MIc). The initial molecular
study showed an EGFR L858R mutation, which
was detected by cobas® EGFR Mutation test
V2.

In April 2021, the patient opted for osimer-
tinib treatment, starting with a daily dose of
80 mg. This decision was influenced by the
patient's preference and the drug's relatively
lower risk of adverse effects compared to other
TKIs. Three months into the treatment, imaging
studies, including computed tomography of the
chest and magnetic resonance imaging of the
brain, revealed positive results: there was par-
tial reduction in the size of the lung mass, me-
diastinal lymph nodes, and liver mass. Notably,
the brain lesion exhibited complete shrinkage.
These changes indicated a partial response to
the treatment (Figure 1).

However, in May 2023, the patient ex-
hibited progressive disease characterized by
a significant increase in the size of the liver
metastases, indicating a PFS duration of 25
months. An attempted tissue biopsy of the he-
patic metastasis did not yield sufficient tissue
for genomic analysis. Subsequently, a liquid
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236 Sheng-Bin Fan, Chih-Jen Yang

2021/03 2021/07
Diagnosis PR

2023/05 2023/11
PD PR

Bronchoscopic biopsy
EGFR L858R

Osimertinib 80mg/day (PFS= 25 months)

Afatinib 30mg/day (PFS= 6 months as least)

Liquid biopsy
EGFRL718Q

PR partial response, PD progressive disease, PR partial response, PFS progression-free survival

Fig. 1. Clinical course and treatment effect

ary of Dete DM A Alteratio
Detected Alteration(s) Associated FDA-approved therapies % cfDNA or Amplification
EGFR L718Q Osimertinib is lack of response 0.04%
ATM S1923 Olparib is approved in other indication 44.0%
KRASKI117N None 0.1%
KRAS G12S None 0.04%

Fig. 2. Detailed results of liquid biopsy with Guardant360®

biopsy and next-generation sequencing (NGS)
(Guardant360“) showed an EGFR L718Q/ATM
S1923/KRAS K117N/ KRAS G12S mutation (the
report is presented in Figure 2).

Following a thorough review of the litera-
ture and in-depth discussions with the patient
and her family, taking into account her ad-
vanced age and potential for adverse drug reac-
tions (ADR), a decision was made to switch
from osimertinib to afatinib. Starting in June
2023, she began receiving a daily dose of 30 mg
of afatinib. After 5 months of treatment, a sig-
nificant reduction in liver metastases was noted,
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and there were no major adverse reactions. As
of December 2023, the patient continued to
show a stable disease status in her follow-up as-
sessments.

Discussion

Acquired resistance to TKIs, especially re-
sistance to osimertinib, is the main stumbling
block to managing EGFR-mutated NSCLC in
the current era. The underlying mechanisms of
resistance to osimertinib are still under investi-
gation, and are categorized as EGFR-dependent
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(such as EGFR C797S, L718Q mutation, and
so on) and EGFR-independent (such as MET,
HER2, KRAS alterations, and so on) [6]. Iden-
tifying the optimal treatment for resistance to
osimertinib is challenging, due to the scarcity
of documented cases in PubMed searches and
limited clinical experience among healthcare
providers in managing such cases.

Among the underlying mechanisms of re-
sistance, EGFR L718Q mutation is relatively
rare and accounts for 7.3% to 9.7% of osimer-
tinib resistance [7]. The L718 residue is located
within the P-loop of the ATP-binding site of the
EGFR kinase, and the L718Q mutation would
interfere with binding of osimertinib by caus-
ing steric hindrance and resistance [6-9]. In a
PubMed review, several case reports suggested
that second-generation TKIs may be effec-
tive. This information has been summarized
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in Table 1: (1) Shen et al. used dacomitinib at
a daily dose of 45 mg to treat EGFR L858R/
L718Q-mutated NSCLC, and achieved a partial
response that yielded a PFS of 5 months [9];
(2) Yang et al. used afatinib at a daily dose of
40 mg to treat EGFR L858R/L718Q-mutated
NSCLC, and achieved a partial response that
yielded a PFS of 4 months [10]. Despite the ef-
ficacy of second-generation TKIs, their PFS re-
sults are suboptimal. However, combined ther-
apy with afatinib and cetuximab was observed
in one study to offer a comparatively improved
PFS, extending up to a minimum of 7 months
[11].

In addition to second-generation TKIs, first-
generation TKIs and chemotherapy have been
used as treatment. Liu ef al. and Ma et al. used
erlotinib and icotinib for EGFR L858R/L718Q-
mutated NSCLC, and yielded PFS of 3 months

Table 1. Literature Review of Targeted Therapy for EGFR L718Q-mutated NSCLC

Published Initial Subsequent | Brain Mutation at
Study Cell type = Treatment Course q. Treatment Response PFS(month)
year mutation mutation | Meta PD
Liu. et al Chemotherapy—=> o
[’12] 2018 Adenocarcinoma L858R Gefitinib= LESB(E’:E;HEV - 353:;;‘;:\, sSD 3 LSS?&;’I"C;)Q?S
Osimertinib
] L858R/L7180,
Ma, etal 2018 Adenocarcinoma L858R Gefitinib> TPS3RITSH | + Icotinib sD 1 NR
[13] Osimertinib (Lung)
: Icotinib—= LBSBR/L1718V
Liu, et al ini ECOG
é4 2019 Adenocarcinoma L858R Osimertinib=> BRAFGAG6R | + g::;‘d‘:v | 4 NR
[24] Chemotherapy (CSF) mprove
Gefitinib=
Yang, etal 2020 Adenocarcinoma LBS8R Chemotherapy= LSSSR,LHSQ = Aatinib PR 4 KOS G120
[10] Osimertinib=> (pleural effusion)
hemotherapy= isplatir
Songet al c 24 Cisplatin
g 2020 adenocarcinoma L858R Icotinib—=> LE5ER/L7180 - + PR 5 T790M
[14] Osimertinib=> (Lung) Gemcitabine
Shen et al Gefitinib= o
! 2021 Adenocarcinoma L858R Osimertinib=> LaSER/L7180 + D:;Dm“d'mh PR 5 NR
(9] Chemotherapy (Lung) meldey
Icotinib—=
Chemotherapy=
Shen, et al Icotinib+AntiVEGF=> T790M/L718Q s
! 2021 Adenocarcinoma | Exon 19 del Chemotherapy=> ALK fusion - Almanerfinib SD 4 NR
[25] ) L 110mg/day
Osimertinib=> (Blood)
Osimertinib+erlotinib=>
Crizotinib
Afatinib
o L858R/L718Q 40mg/day
Zhang, etal 2022 Adenocarcinoma Lesen Almoriermitr) TP53 - + PR 7 at least
PIK3CA exon 8 Chemotherapy 5 i
[11] (Ascites) Cetuximab
250mg/m2 2w
Our study 2024 Adenocarcinoma L858R Osimertinib (:ﬁ} - 5 3::::;;:' PR 6 at least

EGFR Epidermal growth factor receptor, NSCLC non-small cell lung cancer, PFS progression-free survical, SD stable disease, PR partial response, PD progressive
disease, NR not reported, ECOG Eastern Cooperative Oncology Group
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and 1 month, respectively [12-13]. Song et al.
used chemotherapy with cisplatin and gem-
citabine to treat EGFR L858R/L718Q-mutated
NSCLC, and achieved a partial response with a
PFS of 5 months [14]. Although some therapeu-
tic strategies are available, the treatment effect
is not satisfactory. Further investigation for a
more precise treatment is needed.

Standard 40 mg doses of afatinib often re-
sult in severe ADRs, such as paronychia, diar-
rhea, and acne. Consequently, minimizing these
ADRs is crucial. Our previous study revealed
that a lower starting dose or reduced dosage of
afatinib can markedly decrease ADR severity
while still maintaining similar PFS and over-
all survival (OS) outcomes [15]. In this case,
with concerns about the patient’s age and de-
sire to avoid ADRs, we decided to initiate 30
mg afatinib to manage EGFR L718Q-mutated
NSCLC. PFS so far seems not inferior to that of
a standard dose, compared to other studies in a
literature review (Table 1), and only a grade 1
cutaneous reaction was noted.

In addition, based on our review, almost all
patients with acquired EGFR L718Q-mutated
NSCLC had an initial EGFR L858R mutation,
and the acquired L718Q mutation always oc-
curred after third-generation osimertinib treat-
ment. The interrelationship of these factors
might need further study.

Osimertinib resistance and a poor progno-
sis are often linked to KRAS mutations, as they
activate KRAS as an alternative bypass mecha-
nism, overcoming the blockage of EGFR-
dependent survival signaling by osimertinib
[6, 16]. The KRAS 117N mutation is rarer than
KRAS G128, and currently, there are no target-
ed therapies for either mutation. The ATM gene,
which plays a role in cell cycle regulation and
the identification and repair of DNA damage,
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is known for its common germline mutations.
However, some studies suggest an association
between ATM mutations and an increased risk
of lung adenocarcinoma [17]. Literature dis-
cussing the link between TKI resistance and
ATM mutations is scarce, and no targeted treat-
ments exist for ATM mutations. Nevertheless,
one study highlighted that co-mutations in TP53
and ATM showed an improved response to im-
mune checkpoint inhibitors [18].

Utilizing tumor tissue for NGS is ideal, but
challenges such as difficulty in accessing new
metastatic lesions or insufficient tissue for NGS
are common, and often unavoidable. One study
reported that only 18% of patients with NSCLC
have an adequate tumor specimen for complete
tissue genotyping [19]. Moreover, progres-
sive malignancy usually accompanies impaired
physical function, so subsequent tissue proof is
often inaccessible. Detecting circulating tumor
DNA (ctDNA) through NGS plays a significant
role in managing acquired resistance to TKIs,
with liquid biopsy emerging as a promising ap-
proach. Compared to traditional biopsy, liquid
biopsy has the advantage of being minimally
invasive, with a better capture of tumor hetero-
geneity, and faster turnaround time [20]. In ad-
dition to these good points, liquid biopsy could
also be used in monitoring treatment effect and
prognostic evaluation [21]. Regardless of these
benefits, liquid biopsy cannot replace traditional
biopsy due to some disadvantages, such as the
possibility of a false negative, high cost, and in-
ability to evaluate non-DNA markers [20, 21].

In our case, a tissue biopsy of hepatic me-
tastasis was attempted, but yielded insufficient
tissue for analysis. Subsequently, a liquid biop-
sy revealed the EGFR L718Q mutation, guiding
further targeted therapy. However, it is notewor-
thy that in another case report of EGFR L718Q-



Afatinib for Lung Adenocarcinoma with an EGFR L718Q Mutation 239

mutated NSCLC, the mutation was identified
only in tumor tissue genotyping, and not in
liquid biopsy [12]. This discrepancy might be
caused by low ctDNA shedding tumors, notably
in the presence of low total body tumor burden,
low extra-thoracic metastatic spread, or solitary
involvement of sanctuary sites [20, 22, 23]. We
consider liquid biopsy to be an invaluable diag-
nostic tool, yet it is important to approach nega-
tive results with careful consideration.

Conclusion

In our case, we prescribed 30 mg afatinib
for EGFR L718Q-mutated NSCLC due to
concerns about the patient’s advanced age and
quality of life. Obvious shrinkage of liver me-
tastasis was then noted, yielding a PFS of at
least 6 months. A review of previous studies
showed that our patient was the first to receive
30 mg afatinib initially for acquired EGFR
L718Q-mutated NSCLC, with a nearly thera-
peutic effect and without obvious side effects.
In summary, we believe that 30 mg afatinib
has sufficient therapeutic effect to treat the
EGFR L718Q mutation. Resistance to TKI is a
constant fight, so we still need more effort and
more research to overcome it.
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Nocardia farcinica Brain Abscess Preceded by Non-
Resolving Pneumonia: A Case Report and literature
Review

I-Yuan Chen’, Chien-Wei Hsu"?, Wei-Cheng Hong', David-Lin Lee'?

Nocardia spp. are considered to be opportunistic pathogens. Pulmonary nocardiosis
is the most common clinical presentation of infection, and primary infection can lead to
hematogenous spread to multiple organs. The relatively slow growth on culture media and
the difficulties in recognizing colony morphology result in difficulties in laboratory diagnosis,
leading to delayed diagnosis. Currently, there is no universal consensus regarding the initial
choice of antibiotics for nocardiosis, although trimethoprim-sulfamethoxazole remains the
mainstay of a primary treatment regimen. Treatment for pulmonary nocardiosis requires at
least 6 months, while central nervous system (CNS) involvement necessitates treatment
for at least for 12 months. If CNS nocardiosis fails to respond to medical therapy, surgical
intervention is required. Here, we report a case of brain abscess caused by Nocardia
farcinica, which was preceded by non-resolving pneumonia for almost 5 months. Significant
regression of the pneumonia patch was observed after initiating antibiotic treatment for
nocardiosis. (Thorac Med 2024; 39: 241-248)

Key words: Nocardia farcinica, nocardiosis, brain abscess
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Introduction

Nocardia spp. are soil-born, Gram-positive,
partially acid-fast, and filamentous bacteria,
which were first described by Edmond Nocard
in 1888 [1]. They are aerobic environmental
bacteria and are usually considered to be op-
portunistic pathogens, belonging to the order
Actinomycetes [2].

Inhalation is the primary route of exposure
to Nocardia; therefore, pulmonary nocardiosis
is the most common clinical presentation of in-
fection. The symptoms include cough, shortness
of breath, chest pain, hemoptysis, fever, night
sweats, weight loss, and progressive fatigue,
presenting with a subacute to acute course.
Radiographic presentation can be variable, and
include focal or multifocal disease, nodular or
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alveolar infiltrates, and cavitations [3].

Extrapulmonary nocardiosis can also occur
through hematogenous dissemination or a con-
tiguous spread of necrotizing pneumonitis into
the pleura, pericardium, mediastinum, and vena
cava. Abscess formation is characteristic of ex-
trapulmonary nocardiosis. The central nervous
system (CNS) is the most common extrapulmo-
nary location for nocardiosis (up to 22.67% of
all diagnosed nocardiosis in 1 series) [4].

Other frequent forms of extrapulmonary
nocardiosis include involvement of bone, eyes,
heart, joints, and kidneys. In addition, the skin,
muscles, bones, and lymphatics are common
sites of infection following traumatic inocula-
tion [4].

Herein, we report a case of nocardiosis with
CNS involvement, believed to originate from a
delayed diagnosis of primary pulmonary nocar-
diosis.

Case Description

An 86-year-old man was admitted to the
hospital in September 2021 with a complaint of
worsening shortness of breath over the past 10
days. His medical history included a smoking
habit of approximately 20 pack-years, hyperten-
sion, paroxysmal atrial fibrillation, and chronic
obstructive pulmonary disease (COPD), group
E. He had been on triple inhaled therapy (beclo-
metasone/formoterol/glycopyrronium) for the
5 months prior to this visit. In addition, he had
a diagnosis of severe thrombocytopenia with
a baseline platelet count of around 20,000 per
microliter, and had been treated for suspected
immune thrombocytopenia purpura with pred-
nisolone 10 mg per day for the past 8 months.

The initial chest radiograph (Fig. 1A) taken
on Day 0 showed an ill-defined patchy opacity

Thorac Med 2024. Vol. 39 No. 3

in the left upper lung field. Lab data revealed
leukocytosis and prerenal azotemia. A chest
computed tomography (CT) scan was per-
formed, which showed segmental consolidation
in the left upper lobe (LUL), along with a back-
ground of emphysema (Fig. 2A, Fig. 2B). The
patient was then admitted with the impression
of community-acquired pneumonia involving
the left upper lobe and acute exacerbation of
COPD.

After admission, the patient received a
1-week course of piperacillin-tazobactam and
systemic corticosteroids (tapered from initial
methylprednisolone 40 mg QD to prednisolone
10 mg QD). Symptoms gradually subsided and
follow-up chest radiograph showed minor re-
gression of the LUL opacity. The patient was
discharged and received oral moxifloxacin in
the outpatient clinic.

However, fever recurred 3 days after dis-
charge. The patient was readmitted to receive
piperacillin-tazobactam. A chest radiograph on
Day 23 showed unresolved LUL opacity (Fig.
I1B). A needle biopsy was performed for the
LUL consolidation. The pathology report indi-
cated organizing pneumonia, characterized by
organizing fibrinous tissue in the alveolar spac-
es and mild chronic inflammatory cell infiltra-
tion in the alveolar septa. In addition, areas of
fibrosis with fibroblasts or myofibroblast prolif-
eration and foci of micro-abscess composed of
neutrophils aggregation were observed. No mi-
croorganisms were identified from hematoxylin
and eosin (H&E) stain, periodic acid—Schiff
(PAS) stain, or acid-fast stain (AFS). Bacterial
culture from the biopsy revealed Staphylococ-
cus warneri, with susceptibility to oxacillin.
After 2 weeks of treatment with piperacillin-
tazobactam, the patient was discharged.

Fever and chills recurred on Day 56, lead-
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Fig. 1. Chest radiographs on (A) Day 0, first hospital visit with patchy opacity at the LUL field, (B) Day 23, delayed radiographic resolution of the
patchy opacity in the LUL field, (C) Day 148, the last hospital visit due to altered mental status, showing persistence of the LUL patch, (D) Day

167, significant regression of the LUL patch after treatment with trimethoprim-sulfamethoxazole plus meropenem for 2 weeks. LUL: left upper

lung.

ing to another admission for a 2-week course of On Day 148, the patient was admitted due
broad-spectrum antibiotic treatment. Sequential to altered mental status and paraplegia of the
chest radiographs still showed incomplete re- left arm. The contrast-enhanced brain CT re-
mission of the LUL patch (Fig. 1C). vealed a lobulated marginally-enhancing cystic
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Fig. 2. (A)(B) High resolution chest computed tomography on Day 0, showing consolidation of the left upper lobe, with a background of pulmonary

emphysema. (C)(D) High resolution chest computed tomography on Day 160 after 1 week of treatment with trimethoprim-sulfamethoxazole plus

meropenem, revealing resolution of the consolidation in the left upper lobe.

mass lesion with perifocal edema at the right
temporo-parietal lobes, leading to compression
of the right lateral ventricle. Brain magnetic
resonance imaging (MRI) was then performed,
and showed findings consistent with a pyogenic
abscess and an additional finding of abscess
rupture into the right lateral ventricle (Fig. 3).
The patient received empirical ceftriaxone
plus metronidazole for the brain abscess. On
Day 152, surgery for external ventricular drain-
age was performed, and the pus obtained from
the procedure revealed filamentous and branch-
ing bacilli with a positive result on AFS. Based
on the suspicion of nocardiosis, the antibiotics
were switched to trimethoprim-sulfamethox-
azole plus meropenem, beginning on the day
of surgery. Bacterial culture from the abscess
yielded Nocardia farcinica 3 days after surgery.

Thorac Med 2024. Vol. 39 No. 3

Follow-up chest radiograph demonstrated reso-
lution of the LUL opacity (Fig. 1D). Chest CT
also displayed resolution of the consolidation of
the LUL (Fig. 2C, Fig. 2D). Brain CT showed
resolution of the abscess (Fig. 4).

Tragically, prolonged ventilator depen-
dence developed following surgery, and was
subsequently complicated by a catheter-related
bloodstream infection with candidemia, sepsis,
and ultimately, mortality.

Discussion

Nocardiosis primarily affects the lungs.
Various CT findings of pulmonary nocardiosis
have been reported in the literature, includ-
ing consolidation with or without cavitation,
cavitary and non-cavitary pulmonary nodules/
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Fig. 3. Brain magnetic resonance imaging performed on Day 149,
during the last admission. (A) T2-weighted-fluid-attenuated inversion
recovery (T2-FLAIR), (B) T1-weighted image (T1WI) with
gadolinium enhancement. (A) and (B) revealed a multi-lobulated
cystic lesion with marginal enhancement, accompanied by perifocal
edema and compression of the right lateral ventricle, consistent
with a pyogenic abscess. In addition, the FLAIR image displayed a
rupture into the right lateral ventricle, which was further confirmed
by diffusion-weighted imaging. (C) DWI at the same level as (A) and
(B), showing a high signal in the right lateral ventricle, indicating
abscess rupture, (D) DWI at an inferior level showing high signals at
the dependent portions of bilateral lateral ventricles. DWI: diffusion-
weighted imaging.

masses, ground glass opacities, centrilobular
nodules, interlobular septal thickening, a crazy
paving pattern, pleural effusion and chest wall
extension.

A recent case series summarized studies
with more than 2 cases that reviewed the radio-
logical features of pulmonary nocardiosis since
1995. The most common radiographic findings
were nodules/masses with or without cavita-
tion (121 of 148 cases). This was followed by
consolidation (86 of 148 cases), cavitation (55
of 148 cases), and ground glass opacities (33 of
148 cases) [5].

Nocardiosis is often associated with an im-
munocompromised status; however, some of
the infections occurred in immunocompetent
patients [4]. There is a higher risk for nocar-
diosis in patients with depressed cell-mediated
immunity, including lymphoma, other selected
malignancies, human immunodeficiency virus
(HIV) infection, solid-organ or hematopoietic
stem cell transplant, and those receiving long-
term treatment with steroids or other medica-
tions that suppress cell-mediated immunity [6, 7,
8]. Besides, COPD has a common association

Fig. 4. Serial brain CT of the patient. (A) Day 148, contrast-enhanced brain CT showing a lobulated marginally-enhancing cystic mass lesion

with perifocal edema at the right temporo-parietal lobes, leading to compression of the right lateral ventricle, (B) Day 156, non-contrast brain CT

showing placement of an external ventricular drain into the right lateral ventricle, (C) Day 162, non-contrast brain CT showing the presence of

pneumocephalus after removal of the external ventricular drain and resolution of the brain abscess.
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with pulmonary nocardiosis, especially in the
setting of concurrent corticosteroid use [9].

In a case series of 53 patients, the majority
of associated predisposing factors for Nocardia
farcinica infections were immunosuppressive
treatment (28%), preceding operation (26%)
and hematological neoplasm (13%), followed
by transplant recipient (13%), HIV infection
(11%), chronic lung disease (9%), diabetes mel-
litus (8%) renal disease (8%), solid neoplasm
(6%), alcoholism (6%), trauma (6%), and con-
comitant mycobacterial infection (4%). The
lung and pleura were major sites of infection
(43%), followed by the brain and meninges
(30%), and surgical wounds (15%) [10]. In
another series of 67 patients with nocardiosis
caused by Nocardia farcinica, immunosuppres-
sive treatment also accounted for the majority
of risk factors. The lung (59.7%) and brain
(32.8%) are the most frequently affected sites of
infection [11].

When nocardiosis is clinically suspected,
the lab should be informed for optimal recogni-
tion. Gram staining is the most sensitive meth-
od to visualize nocardiae in clinical samples.
Using a modified Kinyoun acid-fast stain, no-
cardiae appear as partially acid-fast filamentous
bacilli [12]. Nocardia colonies may take 2 to 14
days to appear [13]. Selective media like paraf-
fin agar, Thayer-Martin, and charcoal-buffered
yeast extract enhance Nocardia recovery and
minimize contaminants [14-16]. Colonial mor-
phology for aerial hyphae should be observed
to differentiate Nocardia from related genera,
including Rhodococcus, Gordonia, Tsukamurel-
la, Corynebacterium, and Mycobacterium [17].
Chemotaxonomic and serological methods can
also aid in distinguishing Nocardia from myco-
bacteria [18]. Due to the expertise required and
discrimination limitations in the above meth-
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ods, molecular identification is now the primary
method for nocardiae species identification.

The Clinical & Laboratory Standards In-
stitute (CLSI) recommends 16S rRNA, gyrB,
or secAl gene sequencing to identify Nocardia
species in human clinical isolates [19]. 16S
rRNA gene sequences are the gold standard,
providing reliable, rapid (1-2 days), and phy-
logenetic information superior to phenotypic
methods [18]. The gyrB gene distinguishes
Nocardia from other mycolic acid-containing
genera [20], and combining 16S and gyrB se-
quences improves identification [21]. However,
the secAl gene is preferred for its faster mo-
lecular clock and higher diversity [22].

Emerging techniques like multilocus se-
quence typing (MLST), whole genome analysis,
and Matrix-assisted laser desorption ionization-
time of flight (MALDI-TOF) proteomics are
gaining popularity [23]. MLST offers supe-
rior discrimination and phylogenetic insights
through multiple loci, but has interpretation
challenges [23].

MALDI-TOF is reliable, rapid, and cost-
effective for diverse Nocardia taxonomy, over-
coming biochemical limitations [18]. Optimal
results are achieved with Columbia blood agar
or similar media within 48 hours of incuba-
tion [24]. Though MALDI-TOF identifies most
Nocardia isolates accurately, some species may
require DNA sequencing, as it remains the cur-
rent gold standard for identification [25].

Sulfonamide antibiotics, most commonly
trimethoprim-sulfamethoxazole, have been used
to treat nocardiosis since the 1940s, and con-
tinue to be the most common antibiotics used
for nocardiosis [26-27]. However, increasing
resistance to sulfonamide antibiotics has been
reported since the period 1995 to 2004 [28].
Alternative options include minocycline, line-
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zolid, moxifloxacin, amoxicillin-clavulanate,
and amikacin [29-30].

We reported a case of brain abscess caused
by Nocardia farcinica. The patient had risk fac-
tors for nocardiosis, including COPD and long-
term systemic corticosteroids. The existence of
these risk factors and a similar presentation in
patients should lead to a suspicion of nocardio-
sis among clinicians. In such cases, the labora-
tory should be informed to optimize the recog-
nition of Nocardia. Measures such as utilizing
a modified AFS, selective culture media, and
adequate preparation for MALDI-TOF should
be taken. These measures can potentially lead to
earlier diagnosis and treatment of nocardiosis.
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Delayed Acquired Diaphragmatic Hernia after
Penetrating Trauma, A Case Report and Review of the
Literature

Hung-Hsiang Chao', Wei-Chang Huang®**, Chih-Hung Lin®, Yi-Chun Hsiao®

Acquired diaphragmatic hernia is a rare complication following major traumas. The
insidious nature and symptoms of the disease make it difficult to diagnose. We present the
case of a patient with traumatic diaphragmatic hernia that was diagnosed 16 months after a
knife stabbing. The patient underwent video-assisted thoracoscopic surgery, and there was
no recurrence during the follow-up period. Our case may highlight the possibility of managing
a delayed diaphragmatic hernia via minimally-invasive thoracoscopic surgery in selected
patients. We also reviewed recent literature on traumatic diaphragmatic hernia. (Thorac Med

2024; 39: 249-255)

Key words: traumatic diaphragmatic hernia, video-assisted thoracic surgery

Introduction

Acquired diaphragmatic rupture with organ
herniation represents a rare and elusive com-
plication that can emerge after traumatic inci-
dents. The incidence of acquired diaphragmatic
hernia varied from 0.5% to 3.6% in different
studies [1, 2]. Traumatic diaphragmatic hernias
are traditionally classified into 3 phases and are
categorized into 2 types: acute and delayed [3].

Acute traumatic diaphragmatic hernia refers to
symptomatic herniation within 14 days after a
traumatic event, and usually takes place within
1 day. In contrast, the delayed-type hernia could
occur months or even years later. The non-
specific symptoms of herniation, including dys-
pnea, chest pain and gastrointestinal discom-
fort, make it difficult for physicians to diagnose
the disease in the beginning. Treatment usually
involves surgical intervention with laparotomy
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or thoracotomy [4]. We present the case of a
patient with a delayed left diaphragmatic hernia
diagnosed 16 months after a knife stabbing in-
jury. The patient was successfully treated with
video-assisted thoracic surgery, resulting in the
absence of residual symptoms. We also review
recent published literature on acquired dia-
phragmatic rupture.

Case Presentation

A 26-year-old male visited the emergency
department due to left lower chest tingling pain
for 3 days, exacerbated by bending down, with
mild shortness of breath. Initial surveillance
through a hemogram and electrocardiogram
showed no remarkable findings. However,
chest X-ray showed a mass lesion at the left
costophrenic angle (Figure 1). Upon tracing the
patient's history, it was discovered that he had

i

Fig. 1. Chest X-ray showed a mass lesion at the left costophrenic
angle.

Thorac Med 2024. Vol. 39 No. 3
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Fig. 2. Chest X-ray showed resolution of the left hemopneumothorax
of the previous trauma.

been stabbed in the left chest with a knife dur-
ing a brawl. He had been admitted for the man-
agement of post-traumatic hemopneumothorax
with thoracostomy 16 months prior to this visit.
After 17 days of admission, the patient was
discharged home without thoracotomy, and
there was neither an acute complication nor ab-
normality noted in the image study during the
follow-up period (Figure 2). Due to the patient's
traumatic history and the findings on chest X-
ray, a chest computed tomography (CT) study
was scheduled, and revealed a left lateral dia-
phragmatic hernia with herniation of omental
fat and without bowel incarceration (Figure 3).
A thoracic surgeon was consulted for possible
surgical intervention.
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Fig. 3. Chest computed tomography showed a left lateral
diaphragmatic hernia with herniation of the omental fat.

Considering the patient’s stable vital signs
and low risk of abdominal organ involvement,
a minimally invasive procedure with video-
assisted thoracoscopic surgery for repair of the
diaphragmatic hernia was scheduled 2 weeks
later. During the operation, a trocar was first
inserted from the 7th intercostal space at the
posterior axillary line. A mini-thoracotomy was
carried out at the 6th intercostal space of the an-
terior axillary line. A diaphragm defect, about 3
X 2 cm in size, near the left costophrenic angle,
with partial omentum herniation, was noted.
Cauterization was used for adhesiolysis, and
the herniated viscera was softly reduced manu-
ally (Figure 4). The diaphragmatic defect was
closed and repaired with 3 interrupted 1-0 silk
stitches. The closed defect was covered and re-
inforced with an 8.5 x 10.5 cm vicryl mesh. A
20 Fr. straight chest tube was left at the trocar

Fig. 4. Adhesiolysis and reduction of herniated omental fat under video-assisted thoracoscopic surgery with mesh and suture repair of the defect.
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hole after the surgery. No acute postoperative
complication was noted and the left chest tube
was removed smoothly 4 days later. During
the 3-month follow-up period at the outpatient
department, the symptoms resolved. No recur-
rence of herniation was observed in the chest
CT scan performed 3 months after surgery.

Discussion

Acquired diaphragmatic hernia is a rare
complication that results mostly from trauma,
and occurs in around 1% of traumatic patients.
The majority of traumatic diaphragmatic her-
nias are caused by blunt traumas, such as a
traffic accident, while the others are caused by
penetrating trauma, like a stab wound. Males
are prone to experiencing a traumatic diaphrag-
matic hernia. The left side is also more likely to
develop this type of hernia than the right, prob-
ably due to the lack of protection that the liver
provides on the right side, or the higher preva-
lence of right-handed assassins.

Image findings include soft tissue opacity in
the chest, pneumothorax, and rib fractures from
the index injury. CT scan shows the organ her-
niating into the thoracic cavity, and the “collar
sign”, also known as the “hour glass sign”[5],
named as a result of the distorted appearance of
the herniated organs. MRI, despite taking more
time to produce the image and prone to being
affected by motion artifacts, can still provide a
diagnosis under T1-weighted images [6].

Once the diagnosis of diaphragmatic hernia
is made, the patient should undergo surgical
repair [2]. Most patients receive laparotomy
management for acute traumatic diaphragmatic
hernia due to the concomitant intraabdominal
organ damage. As for chronic and relatively
stable patients, minimally invasive management

Thorac Med 2024. Vol. 39 No. 3

with laparoscopy or thoracoscopic repair could
be considered. After repairing the diaphragm
via primary suturing, additional mesh rein-
forcement is considered, especially with large
defects. In a retrospective review by Palanivelu
C, et al. involving 21 patients, including 3 with
chronic traumatic diaphragmatic hernia who
underwent laparoscopic repair, reinforcing the
defect with mesh was considered to reduce the
risk of recurrence, and therefore was widely
used [7].

In our literature review, we searched for
case reports from 2020 to 2023 on PubMed
using the keywords “acquired diaphragmatic
hernia” and “acquired diaphragmatic rupture”,
and compiled data regarding the patient’s age,
nature of injury, time from injury to symptom
onset, site of herniation, and how the herniation
was treated. A total of 26 results were found,
but only 20 patients were reviewed after ex-
cluding those patients without sufficient data.
The basic characteristics are listed in Table 1.
There were 17 male and 3 female patients aged
from 20 to 66 years old. The median age was 30
years. The most reported causal mechanism was
blunt injury from a traffic accident or a falling
event in 14 patients, while the remaining 6 pa-
tients suffered from penetrating trauma due to a
stabbing wound. The predominant clinical pre-
sentations of these patients were dyspnea, chest
pain, abdominal pain, or a combination of these
symptoms. Left-side herniation constituted of
80% of cases.

Diaphragmatic hernia could be classified
into 2 groups, acute and delayed, based on
whether the onset of symptoms was within 14
days or not. Twelve patients (60%) had acute
diaphragmatic hernia, and most of them suf-
fered from symptomatic hernia on the same day
as the traumatic event. In contrast, 8 patients



Case Report of Traumatic Diaphragmatic Hernia

Table 1. The Characteristics of Patients with Acquired Diaphragmatic Hernia Reported in Studies Published Between 2020 and 2023
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Age Traumatic Time from trauma to
No  Gender . . . Symptoms Management Ref.
(years) mechanism symptomatic hernia
. Blood pressure instability.
1 Female 39 Traffic accident The same day . . Exploratory laparotomy [10]
Chest and right shoulder pain
2 Male 20 Blunt injury The same day Abdominal pain and dyspnea Laparoscopic surgery [11]
3 Female 28 Traffic accident The same day Dyspnea Exploratory laparotomy [12]
Right chest pleuritic pain and
4 Male 27 Blunt trauma 9 years . Exploratory laparotomy [13]
RUQ pain
. Dyspnea, abdominal tenderness, .
5 Male 35 Traffic accident The same day . Laparoscopic surgery [14]
and muscle guarding
6 Female 23 Traffic accident The same day Dyspnea, chest and abdominal pain Exploratory laparotomy [15]
Stabbed in the back Sharp periumbilical pain radiating to
7 Male 25 . . 4 days . Exploratory laparotomy [16]
with a knife the left chest, vomiting, and dyspnea
. Dyspnea, hiccups, and
8 Male 57 Traffic accident 2 years Exploratory laparotomy [17]
cough for 15 days
Stabbed in the Post-prandial epigastric pain for .
9 Male 59 . 29 years Laparoscopic surgery [18]
right chest 6 months
10 Male 58 Fall from bicycle The same day Dyspnea and left chest pain for 1 day Thoracotomy [19]
. Dyspnea for 5 years, worsening in the
11 Male 30 Traffic accident 5 years Exploratory laparotomy [20]
most recent month
) . Video-assisted thoracoscopic
12 Male 24 Traffic accident The same day Chest pain [21]
surgery, then thoracotomy
. . Laparoscopic and
13 Male 36 Traffic accident 10 years Chest pain . [22]
thoracoscopic surgery
Stabbed in the
14 Male 26 2 days Dyspnea Exploratory laparotomy [23]
left chest
Fall (from 18
15 Male 36 The same day Dyspnea Exploratory laparotomy [24]
meters above)
Fall (from 6 Dyspnea, chest, abdominal pain, and
16 Male 30 8 days Exploratory laparotomy [25]
meters above) food content leakage from chest tube
Stabbed in the left . . .
17 Male 54 . 3 months Dyspnea, abdominal and thoracic pain Exploratory laparotomy [26]
subcostal region
Stabbed in the left Progressive flatulence and defecation
18 Male 23 3 years . Exploratory laparotomy [27]
chest disturbance for 2 years
19 Male 66 Falling event 4 days Left back and shoulder pain Laparoscopic surgery [28]
Stabbed in the . Video-assisted Our
20 Male 26 16 months Left chest pain and dyspnea .
left chest thoracoscopic surgery case
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(40%) suffered from delayed diaphragmatic her-
nia. The median time from the traumatic event
to symptomatic hernia was 4 years, ranging
from 3 months to 29 years. Most patients (N=12,
60%) underwent exploratory laparotomy, while
5 patients (25%) received laparoscopic surgery.
One patient received video-assisted thoraco-
scopic surgery, but shifted to thoracotomy dur-
ing the operation. Interestingly, our analysis did
not uncover a case report that documented the
management of delayed diaphragmatic hernia
exclusively using thoracoscopic techniques.

Shah R, et al. conducted a literature review
of 980 patients with traumatic diaphragmatic
hernia, finding that 14.6% of the patients had
a delayed diagnosis, and the overall mortality
rate was 17% [8]. In another case series, Beau-
champ G, et al. reported 2 mortality cases due
to delayed diagnosis of the hernia, 1 resulting
in cardiac arrest and the other in septic shock.
[9]. Given the possibility that traumatic hernias
remain dormant for a long period, and consider-
ing the morbidity risk, it is important for physi-
cians to be increasingly aware when encounter-
ing patients with a history of trauma, even if the
inciting event occurred years ago.

Conclusion

Delayed diaphragmatic hernia, despite its
rarity, may still cause fatality if left untreated.
Considering that it can be fully reversed with a
surgical approach, the importance of a prompt
diagnosis through history-taking and image sur-
vey of the patient is therefore emphasized. Our
case may contribute to raising physician aware-
ness that a delayed diaphragmatic hernia should
be considered when the patient has a previous
traumatic history, and highlight the possibility
of managing such a condition via minimally-

Thorac Med 2024. Vol. 39 No. 3

invasive thoracoscopic surgery in selected pa-
tients.
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Osmotic Demyelination Syndrome Following Oral
Sodium Phosphate Solution Administration for Colon
Preparation: A Case Report and Literature Review

Hsiu-Li Wu', Chen-Chun Lin?

Osmotic demyelination syndrome (ODS) is a rare neurological disorder characterized
by non-inflammatory demyelination of the pons. Etiological factors for ODS include rapid
correction of hyponatremia, alcoholism, hypertonic or hypotonic syndrome, acquired
immunodeficiency syndrome, liver transplantation, refeeding syndrome, and electrolyte
imbalances. In this report, we present the case of an elderly individual who fell into a coma
following ingestion of 90 ml of oral sodium phosphate solution for colon preparation prior
to colonoscopy. Brain magnetic resonance imaging and laboratory data analysis confirmed
the diagnosis of ODS, with hyperphosphatemia identified as a contributing factor. A
comprehensive literature review was conducted to explore the underlying mechanisms and
risk factors for ODS. (Thorac Med 2024; 39: 256-261)

Key words: central pontine myelinolysis, osmotic demyelination syndrome, hyperphosphatemia

Introduction

Osmotic demyelination syndromes (ODS)
consist of central pontine myelinolysis and ex-
trapontine myelinolysis. These syndromes were
first described by Adams et al., who noted the
destruction of myelin sheaths in the central part
of the basis pontine in alcoholic patients with-
out any signs of inflammation [1]. While rapid
correction of hyponatremia is a well-known
cause of ODS, it is not the only contributing
factor. Other clinical conditions associated
with ODS include hyperglycemic hypertonic

syndrome, refeeding syndrome, alcoholism,
hypokalemia, and liver transplant. ODS is often
underdiagnosed in clinical settings and can be
fatal due to its imperceptible nature [2]. In this
report, we present the case of an elderly patient
who developed central pontine myelinolysis
following the administration of 90 mL of oral
sodium phosphate solution for colon prepara-
tion prior to colonoscopy.

Case Report

A 78-year-old male with a medical history
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of type 2 diabetes mellitus and stage 3 chronic
kidney disease presented to the emergency de-
partment with progressive dyspnea. Laboratory
results showed severe anemia (hemoglobin 5.3
g/dL) and hyponatremia (104 mmol/L). The

Osmotic Demyelination Syndrome and Oral Sodium Phosphate Solution

Table 1. Serial Changes in Renal Function tests, Electrolytes, and Osmolarity During Admission

257

patient was conscious and hemodynamically
stable, and normal saline solution was admin-
istered at 40 mL/hr. The serial changes in the
patient’s renal function tests, electrolytes, and
osmolarity are presented in Table 1 and Figure 1.

Item/ Na K Cl P BUN Cr. Cor Osmolarity
admission day ~ (mmol/L) (mmol/L)  (mmol/L) (mg/dl) (mg/dl) (mg/dl) (mOsm/kg)
1 104 4.7 3.4 1.58 228
2 115 34 1.53 248
3 121 34 35 1.72 283
5 127 35 33 1.63 271
7 132 37 1.63 282
8 137 3.0 11.2 43 2.01 -10.3 298
9 143 2.8 10.4 39 2.67 -11.5 319
10 147 2.8 100 10.2 46 2.72 -3.2 321
11 145 3.6 9.3 57 2.93 3.5 323
12 146 34 109 8.3 58 2.82 4.6 321
14 151 32 117 5.3 64 2.37 373
17 149 3.4 54 1.91 362
21 144 3.5 2.6 47 1.51 312
24 139 3.6 112 2.6 46 1.46 -0.1 306
160 12
150 10

= 140
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E130 £

5 6383

i 120 : £
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Fig. 2. T2-weighted brain MRI revealed a typical "bat wing" or "butterfly" appearance on coronal view (white arrow).

A colonoscopy was scheduled on the sev-
enth day of admission to investigate the cause
of anemia. For colon preparation, the patient
was given 90 mL of oral sodium phosphate so-
lution containing 43.2 g of monobasic sodium
phosphate (NaH,PO4) and 16.2 g of dibasic
sodium phosphate (Na,HPO4). However, the
patient developed muscle weakness the day
after administration of the sodium phosphate
solution, and his dysarthria and consciousness
disturbance progressed to coma on the eighth
day of admission. The patient was transferred to
the intensive care unit (ICU) and intubated.

Hypotension and decreased urine output
developed on the first day of ICU admission,
and norepinephrine infusion was started due to
persistent hypotension after fluid resuscitation.
Laboratory data revealed high levels of phos-
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phate (11.2 mg/dL) and lactate (146.2 mg/dL),
low potassium (2.8 mmol/L), and normal sodi-
um (147 mmol/L). After implementing the best
supportive care, the patient regained conscious-
ness on the fifth day of admission to the ICU.
Brain MRI revealed a symmetrical hyperintense
signal at the pons, consistent with central pon-
tine myelinolysis (Figure 2). Despite receiving
several weeks of supportive treatment, the pa-
tient remained dependent on mechanical ven-
tilation due to his advanced age and multiple
comorbidities.

Discussion

Osmotic demyelination syndrome (ODS)
is a complex condition that can have serious
consequences for patients. The diagnosis and
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management of ODS require a thorough under-
standing of its pathophysiology and risk fac-
tors. While rapid correction of hyponatremia is
a well-known cause of ODS, it has also been
observed in patients with certain underlying
conditions, including chronic kidney disease,
diabetes mellitus, malnutrition, liver transplan-
tation, chronic alcoholism, and hypophospha-
temia [3-5]. The overall incidence of ODS has
been suggested to be 0.5% [6]. Pathologically,
ODS is characterized by a symmetric, non-
inflammatory loss of myelin with preservation
of neuronal cell bodies and axons (myelinolysis)
of the central pons, and with sparing of the pe-
ripheral fibers and the axons of the corticospinal
tracts [7].

The clinical features of ODS can vary de-
pending on the severity and location of the
brain lesions and may include symptoms such
as weakness, dysarthria, confusion, seizures,
and coma. The diagnosis of ODS is usually
made as a result of the presence of neurologi-
cal symptoms following rapid correction of
hyponatremia in conjunction with characteristic
brain MRI findings. These image features in-
clude the presence of symmetrical demyelinat-
ing lesions in the brain that frequently exhibit
a triangular shape on axial images, as well as a
"bat wing" or "butterfly" appearance on coronal
views [8].

The precise mechanisms underlying the
development of ODS have yet to be fully un-
derstood. However, the condition is initiated by
osmotic stress, which causes injury to the brain.
Glial cells, responsible for regulating extracel-
lular osmolality and electrolyte balance to sup-
port the surrounding neurons, are particularly
vulnerable to this stress. When glial cells are
faced with an osmotic challenge, they activate
the Na/K-ATPase pump to adjust intracellular

electrolyte levels, resulting in a series of heavy
metabolic expenses that can cause glucose to be
metabolized into lactate and trigger apoptosis
[9]. In addition to the metabolic stress caused
by osmotic stress, the release of glutamate and
other excitatory neuromodulators can lead to
harmful metabolic consequences for both glial
cells and neurons [5, 10]. Previous studies have
shown that severe hypophosphatemia can ad-
versely affect the Na/K-ATPase pump and initi-
ate apoptosis, which can result in the develop-
ment of ODS [5].

In our case, the patient developed severe
hyperphosphatemia after administration of oral
sodium phosphate solution. The mechanisms
of hyperphosphatemia that contribute to ODS
development are poorly understood. However,
one possible mechanism is that the rapid chang-
es in plasma phosphate may lead to osmotic
stress in the brain, which may contribute to cel-
lular stress and eventual apoptosis [5]. Sodium
phosphate solution is a hypertonic solution that
induces bowel evacuation through osmosis
by drawing water into the intestinal lumen. If
bowel evacuation fails, fluid can pool in the gut,
causing dehydration. Furthermore, if sodium
phosphate is retained in the gut lumen, it can be
potentially absorbed, resulting in sudden and
severe hypernatremia and hyperphosphatemia,
leading to a further increase in cell stress [11].

The administration of sodium phosphate so-
lution has been associated with various adverse
events, including hypocalcemia, hypokalemia,
hypernatremia, hypovolemia, hyperphosphate-
mia, ischemic colitis, acute kidney injury, and
acute phosphate nephropathy [12]. In addition,
a previous study reported that nearly all elderly
patients who receive oral sodium phosphate
will exhibit elevated blood phosphate levels,
rising from 2.6 to 4.7 mg/dL before oral admin-
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istration to 4.5 to 10.4 mg/dL on the second day
after administration. Moreover, the increase in
blood phosphate levels is positively correlated
with a reduction in creatinine clearance (R=
-0.52; P=.001) [13]. The US FDA has also is-
sued a safety alert for oral sodium phosphate,
cautioning that its use can result in severe
electrolyte imbalances, dehydration, metabolic
acidosis, renal failure, seizures, and even death
[14].

Our patient had an impaired renal clear-
ance rate and mild hyponatremia (132 mmol/
L) before his altered mental status (Table 1). On
the day of his altered mental status (Day 8), the
blood sodium level was 137 mmol/L, but the
blood phosphate level was elevated to 11.2 mg/
dL, from 3.4 mg/dL, and osmolality increased
from 282 to 298 mOsmo/kg. Thus, we postulate
that the occurrence of ODS in the patient was
not due to the rapid rise of blood sodium, but
to dehydration and hyperphosphatemia caused
by the administration of sodium phosphate.
This resulted in an increase in blood osmotic
pressure, which may have been the underlying
cause of ODS. Under normal circumstances, the
impact of blood phosphate levels on osmolal-
ity can be ignored. However, in certain special
conditions such as renal failure or diabetes, or
in elderly patients, oral sodium phosphate can
lead to high blood phosphate levels and further
increases in osmolality.

The management of ODS requires a mul-
tidisciplinary approach, and may involve
supportive care, such as respiratory and he-
modynamic support, and careful electrolyte
management. Hypertonic solutions, such as
sodium phosphate, should be used cautiously,
as they can lead to serious adverse events if not
administered appropriately. In addition, patients
with risk factors for ODS should be carefully
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monitored, and treatment decisions should be
individualized based on their clinical status and
underlying conditions.

Conclusion

ODS can result from various electrolyte im-
balances, and in the elderly population, the use
of sodium phosphate solution for colon prepa-
ration prior to colonoscopy can lead to acute
changes in serum phosphate levels and volume
depletion, causing an acute rise in serum osmo-
larity and subsequent osmotic stress, ultimately
leading to ODS. Administering oral sodium
phosphate solution to elderly patients for colon
preparation, especially those with concomitant
hyponatremia and renal impairment, should be
done with caution.
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Post-COVID-19 Pulmonary Fibrosis: A Case Report
and Literature Review

Yung-Hsuan Wang', Chih-Bin Lin"?

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) became a global
pandemic in December 2019. Pulmonary fibrosis is one of the major long-term complications
in patients with coronavirus-induced disease 2019 (COVID-19). There have been some
ongoing clinical trials of therapies for post-COVID-19 pulmonary fibrosis. Anti-fibrotic agents
such as pirfenidone and nintedanib might be potential treatment options. We reported the
case of a patient with COVID-19 that developed severe pulmonary fibrosis and restrictive lung
disease. Improvement of pulmonary fibrosis and lung function were noted after pirfenidone

was prescribed. (Thorac Med 2024; 39: 262-266)

Key words: SARS-CoV-2, COVID-19, pulmonary fibrosis, pirfenidone

Introduction

After its outbreak in December 2019, se-
vere acute respiratory syndrome coronavirus 2
(SARS-CoV-2) became a global pandemic. The
symptoms associated with coronavirus-induced
disease 2019 (COVID-19) ranged from upper
airway symptoms to acute respiratory distress
syndrome. Patients of an older age and with
preexisting comorbidities of diabetes, cardio-
vascular disease, hypertension, or obesity, and
those who were immunocompromised, had a
higher risk of developing severe COVID-19 [1].
The sequelae of COVID-19 may include abnor-
mal lung function, decreased life quality and

lung tissue damage [2]. Pulmonary fibrosis is
one of the major long-term complications in pa-
tients with COVID-19 [3]. Anti-fibrotic agents
such as pirfenidone and nintedanib might have
a role in treating fibrosis after SARS-CoV-2
infection [1]. There are some ongoing clinical
trials of therapies for post-COVID-19 pulmo-
nary fibrosis [3]. Here, we report the case of a
COVID-19 patient with improving pulmonary
fibrosis and lung function after pirfenidone was
prescribed.

Case Presentation

A 48-year-old Taiwanese businessman who
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worked in Vietnam had diabetes and hyperten-
sion and had not received coronavirus vaccina-
tion. An outbreak of the SARS-CoV-2 Delta
variant occurred in his factory in July 2021.
He presented with fever, dry cough, exertional
dyspnea, anosmia and dysgeusia. His SARS-
CoV-2 real-time polymerase chain reaction test
(RT-PCR) was positive on July 26, 2021. He
was admitted to the hospital in Vietnam for 2
months. Severe COVID-19 pneumonia was di-
agnosed. High-flow nasal cannula was used to
maintain O, saturation above 90%. Antibiotics
treatment and pulmonary rehabilitation were
arranged during the hospitalization. Weight
loss of 20 kilograms was recorded during the 2
months in the hospital. After discharge, he still
needed O, inhalation through a nasal cannula
at a rate of 2 liters per minute with persistent
symptoms of cough and exertional dyspnea.
The patient returned to Taiwan for further
medical treatment in September 2021. His basic
blood profile and biochemistry were normal.
An infection workup was negative for bacte-
rial, fungal, and viral growth, including Myco-
plasma pneumoniae, Legionella pneumophila,
Chlamydia pneumoniae, pulmonary tubercu-
losis, Pneumocystis jirovecii, Aspergillus, cy-
tomegalovirus, and herpes simplex virus. The
SARS-CoV-2 nasopharyngeal RT-PCR was still
positive, with a cycle threshold value of 32.3
on September 21, 2021. A chest radiograph in
September 2021 showed fibrotic changes in
bilateral lungs (Figure 1). Chest computed to-
mography (CT) revealed ground-glass opacities
(GGO), traction bronchiectasis and interstitial
fibrosis in bilateral lungs (Figure 2A). A diag-
nosis of post-COVID-19 pulmonary fibrosis
was made. After explanation to the patient, self-
pay pirfenidone 600 mg daily was started for 14
days. Dosage was gradually titrated to 1200 mg

per day from Day 15 to Day 28, then increased
to 1800 mg per day beginning on Day 29.
Initial pulmonary function test reported
restrictive ventilatory impairment and reduced
diffusion capacity of the lungs for carbon mon-
oxide (DLCO) after 2 weeks of treatment. With-
in 3 months of treatment, forced vital capacity
(FVC) increased to 770 ml, DLCO improved
to 2.07 mmol/(min*kPa), and 125 meters were
added to the patient’s 6-minute walking test
distance (Table 1). After treatment with pirfeni-
done for 4 months, chest CT images revealed
reductions in the area of GGO and fibrosis
(Figure 2). The patient’s exercise tolerance was

improving, and he tolerated the pirfenidone
treatment without severe side effects, including
skin rash, hepatitis, or diarrhea.
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Table 1. Pulmonary Function test. Within 3 Months of Treatment, FVC Increased to 770 ml, DLCO Improved to 2.07 mmol/(min*kPa), and 125
Meters Were Added to the Patient’s 6-minute Walking Test (60MWT) Distance

FVC (liters) FEVI (liters) DLCO (mmol/min*kPa) 6MWT (meters)

Two weeks post-treatment 1.56 1.32 2.81 440
Three months post-treatment 2.33 2.01 4.88 565
Changes 0.77 0.69 2.07 125

A. Twenty days before pirfenidone treatment.

C. Four months after pirfenidone treatment.

Fig. 2. Serial chest CT images at the lower lobe level, at the carina level and at the upper lobe level, which revealed GGO, traction bronchiectasis
and interstitial fibrosis in bilateral lungs. CT images showed reductions in the area of GGO and fibrosis compared to the images obtained before

treatment.
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Discussion

Severe COVID-19 is associated with risk
factors such as older age, male gender, hyper-
tension, diabetes mellitus, and ischemic heart
disease [9]. These factors are also linked to the
development of progressive lung fibrosis [9,
13].

Pulmonary fibrosis was found in 56% of
moderate COVID-19 patients and in 71% of
severe patients [6]. SARS-CoV-2 infects type
IT alveolar epithelial cells to activate macro-
phages and recruit immune cells, which leads to
a cytokine storm [14]. Activation of profibrotic
pathways by COVID-19 has the potential to
develop pulmonary fibrosis. In COVID-19, the
most frequently observed radiological pattern
is organizing pneumonia, which can lead to fi-
brotic remodeling in severe diseases [10]. Chest
CT images can reveal reticulations, honey-
combing, traction bronchiectasis, parenchymal
bands, irregular interfaces, interlobular septal
thickening, lung distortion, GGO, meshwork,
consolidation, and crazy paving [7]. One year
after recovering from COVID-19 pneumonia,
persistent radiological findings may vary from
GGO and subpleural reticulation to more se-
vere traction bronchiectasis, and honeycombing
[11]. Reduction of the DLCO and pulmonary
interstitial damage were common respiratory
manifestations of COVID-19 [3]. These com-
plications can lead to patient disability. Pulmo-
nary rehabilitation, including exercise training,
education, and behavioral changes, can improve
the physical and psychological condition of the
patient [8].

Anti-fibrotic therapies, including pirfeni-
done and nintedanib, are known to be effec-
tive in inhibiting the reduction of respiratory
function and in increasing the life expectancy

of patients with idiopathic pulmonary fibrosis
[1]. Ongoing clinical trials are surveying what
might be adequate therapy for post-COVID-19
pulmonary fibrosis [3]. A multicenter, retro-
spective study has reported on a survey of the
administration of pirfenidone or nintedanib for
post-COVID-19 interstitial lung abnormali-
ties [4]. However, the study included only 142
subjects. Larger randomized studies are still re-
quired to investigate the long-term efficacy and
safety of these treatments.

In considering that the patient's dyspnea
was related to pulmonary fibrosis, and also con-
sidering current possible medications, we chose
pirfenidone as an off-label treatment for his
fibrosis. Pirfenidone-related side effects include
skin rash, photosensitivity, elevation of liver en-
zymes and gastrointestinal upset [7]. While the
patient is on an anti-fibrotic treatment course,
those side effects should be monitored carefully.

Conclusion

We presented the case of a patient with
post-COVID-19 pulmonary fibrosis that was
treated with pirfenidone, with improvement in
pulmonary fibrosis and lung function. Currently
available scientific evidence for the efficacy of
anti-fibrotic agents for post-COVID-19 pulmo-
nary fibrosis treatment needs more research. We
hope the ongoing trials may offer more infor-
mation about the clinical course of the disease
and treatment choices.

References

1. George PM, Wells AU, Jenkins RG. Pulmonary fibrosis
and COVID-19: the potential role for antifibrotic therapy.
Lancet Respir Med 2020 Aug; 8(8): 807-15.

2.Li X., Shen C., Wang L., ef al. Pulmonary fibrosis

Thorac Med 2024. Vol. 39 No. 3



266 Yung-Hsuan Wang, Chih-Bin Lin

and its related factors in discharged patients with new
coronavirus pneumonia: a cohort study. Respir Res 2021;
22:203.

3.Bazdyrev E, Rusina P, Panova M, et al. Lung fibrosis
after COVID-19: treatment prospects. Pharmaceuticals
(Basel) 2021 Aug 17; 14(8): 807.

4. Dhooria S, Maturu VN, Talwar D, et al. A multicenter
survey study of antifibrotic use for symptomatic patients
with post-COVID-19 interstitial lung abnormalities. Lung
India 2022 May-Jun; 39(3): 254-260.

5. Gulati S, Luckhardt TR. Updated evaluation of the safety,
efficacy and tolerability of pirfenidone in the treatment of
idiopathic pulmonary fibrosis. Drug Healthc Patient Saf
2020 May 7; 12: 85-94.

6.Fu Z, Tang N, Chen Y, et al. CT features of COVID-19
patients with two consecutive negative RT-PCR tests after
treatment. Sci Rep 2020; 10: 11548.

7.Hama Amin BJ, Kakamad FH, Ahmed GS, et al. Post
COVID-19 pulmonary fibrosis; a meta-analysis study.
Ann Med Surg 2022; 77: 103590.

8. Reina-Gutiérrez S, Torres-Costoso A, Martinez-Vizcaino

V, et al. Effectiveness of pulmonary rehabilitation in

Thorac Med 2024. Vol. 39 No. 3

9.

10.

13.

14.

interstitial lung disease, including coronavirus diseases:
a systematic review and meta-analysis. Arch Phys Med
Rehabil 2021; 102: 1989-97.

Hu J, Wang Y. The clinical characteristics and risk factors
of severe COVID-19. Gerontology 2021; 67(3): 255-266.
Vadasz I, Husain-Syed F, Dorfmiiller P, ef al. Severe
organizing pneumonia following COVID-19. Thorax
2021 Feb; 76(2): 201-204.

.Luger AK, Sonnweber T, Gruber L, et al. Chest CT

of lung injury 1 year after COVID-19 pneumonia: the
CovILD Study. Radiology 2022 Aug; 304(2): 462-470.

.Fabbri L, Moss S, Khan FA, ef al. Parenchymal lung

abnormalities following hospitalization for COVID-19
and viral pneumonitis: a systematic review and meta-
analysis. Thorax 2023 Feb; 78(2): 191-201.

Shah AS, Wong AW, Hague CJ, et al. A prospective study
of 12-week respiratory outcomes in COVID-19-related
hospitalisations. Thorax 2021 Apr; 76(4): 402-04.

Singh SJ, Baldwin MM, Daynes E, et al. Respiratory
sequelae of COVID-19: pulmonary and extrapulmonary
origins, and approaches to clinical care and rehabilitation.
Lancet Respir Med 2023 Aug; 11(8): 709-25.



267

Diagnostic Lobectomy for Life-threatening
Hemoptysis: A Rare Presentation of Pulmonary
Arteriovenous Malformation

Ruei-Lin Sun'?, Yi-Chen Yeh**, Chung-Wei Chou"*

A 61-year-old man presented with fever, dyspnea, and blood-streaked sputum for 1 day,
and his condition rapidly progressed to massive hemoptysis and respiratory failure on the
second day of his stay. Chest computed tomography (CT) revealed predominant consolidation
of the left lung without evidence of contrast extravasation. Bronchoscopy revealed blood
clots extending from the left main bronchus to the left upper lung (LUL), resulting in total
occlusion of the LUL without detectable sources of bleeding. Tests for microbial infection and
vasculitis antibodies were negative. The patient underwent a lobectomy of the LUL supported
by venovenous extracorporeal membrane oxygenation. Histopathological examination of the
resected lung tissue confirmed pulmonary arteriovenous malformation (PAVM). This case
report highlights a rare instance of near-fatal recurrent hemoptysis due to PAVM without
classic CT findings and diagnosed after surgical intervention. (Thorac Med 2024; 39: 267-

270)

Key words: hemoptysis, pulmonary arteriovenous malformation

Introduction

Massive hemoptysis is a medical emer-
gency that is associated with a high mortality
risk and necessitates immediate intervention.
Common causes of hemoptysis include bronchi-
ectasis; an infection such as a fungal infection,
tuberculosis, or necrotizing pneumonia; neo-
plasms; vasculitis or collagen vascular diseases;
and vascular abnormalities [1]. Pulmonary arte-

riovenous malformation (PAVM) is a vascular
abnormality that involves a direct connection
between the pulmonary artery and pulmonary
vein without capillary intervention. While typi-
cally asymptomatic, PAVMs may manifest with
dyspnea or, less commonly, epistaxis, particu-
larly in association with hereditary hemorrhagic
telangiectasia (HHT) [2]. PAVMs may also
lead to massive, potentially fatal hemoptysis
[3]. The gold standard for diagnosing PAVMs
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is contrast-enhanced computed tomography
(CT), which typically reveals a feeding artery,
a draining vein, and an aneurismal sac. In the
present case report, we describe a patient with
near-fatal hemoptysis due to a PAVM that was
undetected in serial CT scans and ultimately
confirmed after surgical resection. We also ex-
plore the factors that may have contributed to
the prior failure to detect PAVM via imaging.

Case Report

A 61-year-old man, previously in good
health and with an 8-pack-per-year smoking
history for 40 years, presented with a 1-day his-
tory of fever, dyspnea, and blood-streaked spu-
tum. He reported no animal exposure or travel
during the preceding few years. His medical
history and family history were negative for re-
current epistaxis, respiratory problems, gastro-
intestinal bleeding, and cerebrovascular events.

Initially suspected of having pneumonia,
the patient was given antibiotics upon admis-
sion and maintained at 95% oxygen saturation
through a nasal cannula at 3 L/min. However,
on the following day, he experienced massive
hemoptysis, and his oxygen saturation dropped
to 88%, despite the administration of oxygen
through a non-rebreathing mask, thereby ne-
cessitating intubation. Subsequent contrast-
enhanced chest CT revealed consolidation of
the left lung, but no clear signs of contrast ex-
travasation or vascular abnormalities (Figures
1A and 1B). Comprehensive microbiological
testing ruled out bacterial, fungal, viral, and
mycobacterial infections. In addition, tests for
anti-nuclear, anti-neutrophil cytoplasmic, and
anti-glomerular basement membrane antibodies
were negative.

During the patient’s first week of hospi-
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Fig. 1. CT images of the consolidation of the left upper lung: (A)
axial view; (B) coronal view. The lobectomy specimen shows dilated
bronchi filled with blood clots, as well as a network of irregular, thin-
walled vessels, indicative of PAVMs (C, D: hematoxylin and eosin
stain, 40%; E: hematoxylin and eosin stain, 400x; F: iron stain, 400x).
(C) Microscopic PAVM near the bronchus (arrow)..

talization, he experienced recurrent massive
hemoptysis, maintaining an average PaO, of
90 mmHg on a ventilator set at 80%—-90%
Fi0O,, which precluded further chest CT scans.
Instead, bronchoscopy was performed, reveal-
ing blood clots from the left main bronchus to
the left upper lung (LUL), which caused total
occlusion of the LUL without visible sources
of active bleeding. Despite multiple attempts
to remove these blood clots through bron-
choscopy, another CT scan on the 20" day of
hospitalization, with a modified CT pulmonary
angiography protocol, revealed the same left
lung consolidation without evidence of contrast
extravasation. By the third week of hospitaliza-
tion, the patient still exhibited persistent bloody
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secretions and required intermittent high-
concentration oxygen, with his lowest PaO,
recorded at 75 mmHg on 90% FiO,.

Accordingly, a LUL lobectomy was per-
formed on the 34th day of hospitalization, with
peri-operative venovenous extracorporeal mem-
brane oxygenation support to ensure adequate
respiratory function during surgery. Pathohis-
tological examination of the resected specimen
(Figures 1C-1F) confirmed PAVMs and was
negative for microorganisms. The patient’s
postoperative course was uneventful, and he
was successfully extubated without further epi-
sodes of hemoptysis.

Discussion

PAVMs are vascular abnormalities that in-
volve direct connections between pulmonary
arteries and veins, leading to anatomic right-to-
left shunt. With an incidence of 2-3 individuals
per 100,000, fewer than 400 cases of PAVMs
have been documented [4]. The majority of
PAVMs are congenital and are often associated
with HHT. Among the common clinical mani-
festations of PAVMs are epistaxis (mucosal
telangiectasia related to HHT), dyspnea, chest
pain, and hemoptysis [2]. Massive hemoptysis
due to intrabronchial PAVM rupture and hemo-
thorax with spontaneous ruptured subpleural
lesions are uncommon, but life-threatening
complications.

Diagnosing PAVMs requires the identifi-
cation of a feeding artery and a draining vein
connected to an aneurismal sac. If no overlap-
ping lesions are present, contrast-enhanced CT
typically detects 98% of PAVMs, indicating its
sensitivity. Utilizing CT with a modified pulmo-
nary angiography protocol aids in the definition
of angio-architecture and the planning for fur-

ther interventions. Currently, catheter angiogra-
phy is rarely used for diagnostic purposes, but
it remains part of the embolization procedure,
with radiographically visible PAVMs for vessel
obliteration [5]. Surgical resection is reserved
for patients with ongoing complications such as
severe bleeding, or in cases where embolization
is inadequate or unsuitable because of the ex-
tent of the disease [2].

It is imperative to note that the patient
in our case presented with a microscopic AVM,
which could not be visualized on CT images.
This underscores the limitation of imaging mo-
dalities in detecting such small vascular abnor-
malities, particularly in the context of lung col-
lapse and consolidation caused by hemoptysis,
and that its nature was not grossly seen but his-
tologically found. Despite the high sensitivity
of CT scans in diagnosing PAVMSs, microscopic
AVMs may evade detection, thus necessitating
alternative diagnostic approaches such as surgi-
cal exploration or other imaging modalities.

Overall, our literature review revealed 2
cases in which PAVMs were not initially de-
tected by CT scans, but were later confirmed
through microscopic examination after lobec-
tomy [4, 6]. These cases were either asymptom-
atic or presented with mild to moderate hemop-
tysis. To our knowledge, the present paper is
the first report of a PAVM with life-threatening
hemoptysis, but without notable feeding vessels
detected through serial CT imaging. This condi-
tion was confirmed through histopathological
examination after surgery, suggesting a micro-
scopic PAVM near the bronchus (Figure 1C).

Conclusion

Although CT imaging is typically sensitive
in detecting PAVMs, the unique nature of the

Thorac Med 2024. Vol. 39 No. 3
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present case, with its high oxygenation param-
eters and an absence of classic feeding vessels,
precluded image-based diagnosis. Because
PAVMs are rare, massive recurrent hemoptysis
should prompt clinicians to consider surgical
intervention, not only as a treatment option, but
also as a diagnostic measure in critical cases
with near-fatal hemoptysis.
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Spontaneous Hemopneumothorax Following
Electronic Cigarette Use: A Case Report and Literature
Review

Wei-Hsiang Feng', Yuan-Ming Tsai'

Spontaneous pneumothorax, characterized by the accumulation of air in the chest leading
to lung collapse, is a known condition. Spontaneous hemopneumothorax (SHP), a less
common subtype, historically affects approximately 0.5-11.6% of patients with spontaneous
pneumothorax, often involving more than 400 mL of blood within the pleural space. While
cigarette smoking is a well-established risk factor for spontaneous pneumothorax, the
contribution of electronic cigarettes (e-cigarettes or vaping) use to the development of SHP
remains poorly understood. Herein, we present the case of a patient with life-threatening SHP
possibly triggered by the inhalation of substances present in e-cigarette aerosol. (Thorac

271

Med 2024; 39: 271-274)

Key words: electronic cigarette, vaping, spontaneous hemopneumothorax, foreign body giant cell

Introduction

Spontaneous pneumothorax, characterized
by the accumulation of air in the pleural space
resulting in lung collapse, is a well-recognized
clinical entity. It can manifest as primary
spontaneous pneumothorax (PSP) or second-
ary spontaneous pneumothorax, each with its
distinct etiologies and risk factors. Spontane-
ous hemopneumothorax (SHP), a less common
subtype of pneumothorax, historically affects
approximately 0.5-11.6% of patients with spon-

taneous pneumothorax, and often involves more
than 400 mL of blood within the pleural space
[1]. While cigarette smoking is a well-estab-
lished risk factor for spontaneous pneumotho-
rax [2], the emergence of electronic cigarettes
(e-cigarettes or vaping) use has introduced new
complexities to this landscape.

E-cigarettes deliver an aerosolized mixture
of 3 main components: nicotine, propylene gly-
col, and glycerin, compared to traditional ciga-
rettes, which contain over 7000 chemical com-
pounds [3]. The pulmonary effects of e-cigarette
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use have garnered significant attention, with
mounting evidence suggesting associations with
respiratory symptoms, lung injury, and acute
respiratory distress syndrome. Despite evidence
suggesting that e-cigarettes can be as damaging
to pulmonary structures as traditional cigarettes
[3-4], it remains uncertain whether vaping is a
risk factor for spontaneous pneumothorax. This
knowledge gap underscores the importance of
elucidating the potential contributions of e-cig-
arette use to the development of pneumothorax,
including its pathophysiological mechanisms
and clinical implications. Herein, we present
a compelling case of life-threatening SHP in
a young adult with a history of both cigarette
smoking and occasional e-cigarette use.

Case Presentation

A 26-year-old man, with a 3-year history of
smoking half a pack of regular cigarettes daily
and occasional e-cigarette use, presented to our
emergency department with sudden-onset chest
pain and shortness of breath during sleep. Ex-
amination and diagnostic tests, including blood
sampling, electrocardiogram, and chest X-ray,
revealed PSP with pleural effusion on the right
side (Figure 1). A pig-tail catheter was inserted
and connected to an underwater sealed system,
initially releasing a significant amount of air.
Subsequent high-resolution computed tomogra-
phy (CT) identified blebs over the bilateral api-
cal lungs and right-side pleural effusion (Figure
2a, 2b). After applying suction to the chest
drainage tube, approximately 600 mL of bloody
effusion was drained.

Following explanation and informed con-
sent, emergency video-assisted thoracoscopic
surgery with decortication and wedge resection
of the right upper lobe was performed. Intra-

Thorac Med 2024. Vol. 39 No. 3
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Fig. 1. Pneumothorax with pleural effusion on the right side.

Fig. 2. (a) Blebs at bilateral apical lun
pleural effusion.
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Fig. 4. Foreign body giant cells with cholesterol cleft-like material,

focal fibrosis, and intra-alveolar hemorrhage.

operatively, blood clots were discovered in the
pleural cavity, along with an active bleeder at
the apical parietal pleura (Figure 3). Hemostasis
was achieved by electrocautery, and blebs re-
section was performed smoothly with endosta-
plers. The postoperative course was uneventful,
and the chest drainage tube was removed on
the 3rd postoperative day. The patient was dis-
charged the following day.

Fig. 3. An active bleeder (black arrow) at the
apical parietal pleura.

Histopathological examination revealed for-
eign body giant cells with cholesterol cleft-like
material, focal fibrosis, and intra-alveolar hem-
orrhage (Figure 4). No evidence of malignancy
was found, and the patient provided informed
consent for publication of his case.

Discussion

Spontaneous pneumothorax, classified as
primary or secondary, is associated with vari-
ous risk factors, including age, gender, cigarette
smoking, and low body mass index. Smoking
has been implicated in increased bleb forma-
tion, consistent with our case's CT findings.
SHP often results from the rupture of a vascu-
larized bulla or a torn adhesion between the vis-
ceral and parietal pleura, leading to life-threat-
ening conditions such as hypovolemic shock [5].

The use of electronic cigarettes has surged,
especially among adolescents and young adults.
Bonilla et al. reported the potential for the
vaping-related Muller maneuver driving spon-
taneous pneumothorax [6]. In addition, vaping-

Thorac Med 2024. Vol. 39 No. 3
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associated lung injury is characterized by foamy
macrophages and pneumocyte vacuolization,
thus serving as useful diagnostic clues [7]. The
presence of foreign body giant cells, character-
ized by the fusion of macrophages in response
to persistent stimuli, suggests a chronic inflam-
matory response within the lung tissue, possibly
triggered by the inhalation of substances present
in e-cigarette aerosol. Notably, the foreign body
giant cells in our patient were associated with
cholesterol cleft-like material, hinting at the
possibility of lipid or cholesterol deposits. The
origin of these deposits may be related to the
composition of e-cigarette fluids. Compounds
delivered through the electronic cigarette may
induce an innate inflammatory response in the
lung.

In conclusion, the pathological findings
of foreign body giant cells, cholesterol cleft-
like material, focal fibrosis, and intra-alveolar
hemorrhage in our case underscore the potential
pulmonary consequences associated with e-
cigarette use. While these findings do not defin-
itively establish a causal relationship between
vaping and SHP, they raise important questions
about the potential risks and mechanisms un-
derlying vaping-related lung injury.

It is essential to recognize that the presence
of foreign body giant cells is not specific to a
vaping-related lung pathology, but may repre-
sent a chronic inflammatory response to inhaled
substances present in e-cigarette aerosol. There-
fore, clinicians should remain vigilant in assess-
ing and counseling patients regarding the poten-
tial risks associated with vaping, particularly in

Thorac Med 2024. Vol. 39 No. 3

light of emerging evidence linking e-cigarette
use to respiratory symptoms and lung injury.
Furthermore, continued research efforts are
warranted to better understand the complex in-
teractions between e-cigarette constituents, pul-
monary physiology, and the development of re-
spiratory complications. Ongoing investigations
will be crucial in informing public health poli-
cies, clinical guidelines, and preventive strate-
gies aimed at mitigating the potential harms of
e-cigarette use relative to respiratory health.
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Carbon Monoxide Poisoning Induces Myocardial
Injury With ECG ST Elevation: A Case Report and
Literature Review

Pei-Yi Shen', Po-Hsin Lee'?**** Tsai-Yun Lee'®, Yi-Wen Chen"®, Chun-Shih Chin"?®

In patients with carbon monoxide (CO) poisoning, tailored evaluation is needed due to
the high likelihood of symptoms overlapping with myocardial infarction. Here, we reported
a 58-year-old man who presented to the emergency room after smoke inhalation. His
complaints were shortness of breath, hoarseness, sore throat, dizziness, and general
weakness. Laboratory results showed elevated cardiac enzymes, metabolic acidosis
and elevated serum carboxyhemoglobin. CO poisoning was diagnosed accordingly.
Electrocardiography (ECG) revealed atypical territories involvement with Il, Ill, aVF, and V2-
V5 ST elevation. His coronary angiography, however, showed patent coronary arteries. It is
difficult to distinguish myocardial injury caused by CO poisoning from true acute myocardial
infarction. Ischemic patterns in atypical territories on an ECG can offer a crucial clue in this
differentiation. However, angiography and revascularization should still be considered in
patients with highly suspected acute myocardial infarction. (Thorac Med 2024; 39: 275-280)

Key words: Carbon monoxide poisoning, CO poisoning-related cardiac injury, myocardial injury,
myocardial injury with ST elevation

Introduction

One third of individuals that experience
moderate to severe CO poisoning suffer from
myocardial injury, which leads to a higher
long-term mortality rate [1] and a higher risk
of congestive heart failure [2]. Differentiating

CO poisoning-related myocardial injury from
acute myocardial infarction is challenging,
due to their similar cardiovascular symptoms
and signs, and limited diagnostic tools. Here,
we present the case of a male patient display-
ing myocardial injury resembling ST elevation
myocardial infarction (STEMI) secondary to
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CO intoxication, which highlights the complex-
ity in differentiating and managing these condi-
tions. This case report aimed to delve into the
mechanisms, clinical presentation, diagnostic
approaches, and treatment modalities regarding
CO-induced myocardial injury.

Case Presentation

A 58-year-old man with no systemic disease
visited our emergency department after hours of
an unfortunate exposure to dense smoke while
repairing electrical circuits. He complained
about shortness of breath after just a 10-me-
ter walk. He had a voice, but also hoarseness,
a sore throat, red eyes, a red face, dizziness,
and general weakness. He denied chest pain,
chest distress or back pain. During physical
examination, a substantial amount of carbon
particles were found in his mouth, nose, trunk
and 4 limbs. He used accessory muscles dur-
ing breathing. Results of laboratory tests were
as follows: white blood cell count, 16.20K/
pL; hemoglobin, 16.5 g/dL; platelets, 149K/
uL; neutrophils, 89.8%; alanine aminotrans-
ferase (ALT), 43 U/L; total bilirubin, 1.80 mg/
dL; and procalcitonin, 1.02ng/mL. His renal
function was within normal range. His arterial
blood gas revealed pH 7.346; partial pressure of
oxygen (Pa0,), 34.9 mmHg; oxygen saturation
(Sp0O,), 79%; partial pressure of carbon dioxide
(PaCO,), 45.3 mmHg; bicarbonate ions (HCO;-
), 19.3 mmol/L; excess bases (BE), -6.6mEq/L;
and markedly elevated lactates of 36.5 mg/dL.
These results were compatible with metabolic
lactic acidosis. Cardiac enzymes showed abnor-
mal elevations: CK (creatine kinase), 259 U/
L; CK-MB, 7.3 U/L; and troponin-I, 60.9 ng/L.
The initial serum carboxyhemoglobin (HbCO)
level was 8.7%. Chest plain film showed in-
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Fig. 2. Bronchoscopic examination showed respiratory tract burn
injury with mucosal erosion and carbonaceous sputum.

creased right upper lobe infiltrations. The first
electrocardiography (ECG) showed ST eleva-
tion in leads II, III and aVF.

For airway protection, the patient was
promptly intubated at the emergency room (ER),
and was subsequently admitted to the intensive
care unit (ICU). After endotracheal intubation,
bronchoscopic examination was performed. Re-
sults showed burning injury of the respiratory
tract, with mucosal erosion and carbonaceous
sputum. Two hours later, his cardiac enzymes
showed further elevations in CK (350 U/L) and
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troponin-I (127.7 ng/L), and ECG showed ST
elevation in leads II, III, aVF and V2-V5. A
coronary angiogram was performed the follow-
ing day to rule out acute coronary syndrome,
and revealed patent coronary arteries. The pos-
sibility of STEMI was hence ruled out. Cardiac
enzyme levels, as followed up regularly during
the patient’s 3 days at the ICU, showed a pro-

gressive decline in levels: troponin T dropped
from 24.04 to 14.95 ng/L; and CK dropped
from 647 to 489 U/L. At the same time, the
ECG showed no remarkable change. Hyper-
baric oxygen therapy (HBOT) was performed
twice after the accident. The patient finally was
extubated smoothly and discharged without any
chest distress.
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Fig. 3. Patient’s consecutive ECG changes on Day 1: (A) ECG on arrival; (B) ECG 2 hours after arrival (A); (C) ECG taken 2 days after admission.
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Discussion

Mechanisms of CO poisoning-related cardiac
injury

Myocardial ischemia and cardiac dysfunc-
tion in CO poisoning involve several mecha-
nisms that interplay between binding affinity
with hemoglobin and myocytes; mitochondrial
dysfunction and platelet activation underscore
their combined role in neurological and cardiac
damage.
1. High binding affinity of CO with hemoglo-

bin

CO has an affinity for hemoglobin >200
times greater than oxygen. It forms HbCO,
which displaces oxygen and hence reduces the
blood's oxygen-carrying capacity [3], leading
to a left shift in the oxygen-Hb dissociation
curve that increases overall oxygen demand and
heightens myocardial contractility [4].

2. Mitochondrial inhibition and myoglobin
binding

CO disrupts adenosine triphosphate (ATP)
production by binding to ferrous heme a3 at the
active site of cytochrome c¢ oxidase (COX). This
interaction inhibits mitochondrial respiration in
myocardial myoglobin, impairs oxidative phos-
phorylation, and results in ROS production that
intensifies oxidative stress. The consequence is
cardiac dysfunction and myocardial infarction
[5-6].

3. Platelet activation

Excessive CO activates platelets, initiating
an inflammatory cascade by displacing nitric
oxide from the platelets’ surface hemoproteins.
The inflammatory cascade leads to the release
of myeloperoxidase (MPO) from neutrophils.
MPO could induce additional ROS release,

Thorac Med 2024. Vol. 39 No. 3

contributing to neurological and cardiac injuries

[7].

Diagnosis of CO poisoning-related myocardial
injury

Common cardiovascular complications in-
clude myocardial stunning, acute myocardial
ischemia, left ventricular dysfunction, and ar-
rhythmia [8]. Angina stands out as a primary
symptom, with a direct relationship with CO
exposure [9]. In one study, chest pain emerged
in 34% of patients; it started approximately 90
minutes after CO exposure, and was resolved
within 2 days [10].

Both elevated troponin-I and CK-MB in-
dicate myocardial injury. They are effective
in gauging severity of injury and short-term
prognosis. ECG changes include repolarization
disturbances (e.g., T-wave change), ischemic
patterns (e.g., ST segment deviation), and alter-
ations in QT interval, which is correlated with
HbCO levels. These changes persist for 3 to 7
days.

In our case, the cause-effect mechanism
regarding myocardial injury resulting from
smoke inhalation remains unclear. There are
many potential causes, including exposure to
other toxins such as cyanide, and stress-related
factors. Although the patient's HbCO level was
not elevated upon arrival, this may be attributed
to delayed presentation, considering that more
than 2 half-lives had elapsed since exposure.
This suggests that the initial HbCO concentra-
tion may have exceeded 30%. Therefore, it is
still likely that CO was the primary cause of
the patient's myocardial injury. The patient's
ECG revealed ST elevation in leads 11, III, aVF,
and V2-V5, which are atypical presentations of
acute myocardial infarction. Typically, evidence
of inferior wall ischemia on an ECG includes
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ST- or T-wave changes in leads II, III, and aVF.
Conversely, ST elevation in leads V2-V5 indi-
cates anterior wall ischemia. When ischemic
patterns involve atypical territories on an ECG,
they can provide valuable clues in differentiat-
ing between myocardial injury related to CO
exposure and acute coronary syndrome. Pa-
tients with atypical territory involvement on an
ECG may potentially avoid immediate cardiac
catheterization. However, individuals with per-
sistent left ventricular dysfunction, a history of
pre-existing coronary artery disease (CAD), or
risk factors for CAD, should still undergo car-
diac catheterization to accurately differentiate
true myocardial infarction [11-12].

Treatment for CO poisoning-related myocar-
dial injury

The current guidelines recommend oxygen
therapy (both normobaric and hyperbaric) to re-
move CO from the blood at a faster rate by in-
creasing the partial pressure of oxygen until the
HbCO concentration drops to 3%, or until clini-
cal symptoms are completely resolved. HBOT
is preferred for patients with neurological defi-
cits, cardiac ischemia, loss of consciousness,
metabolic acidosis, and HbCO levels >25% [14].
Patients who are suspected of having acute cor-
onary syndrome due to risk factors and clinical
presentation may require percutaneous coronary
intervention for both diagnosis and treatment
[11-12].

Follow-up of CO poisoning-related myocar-
dial injury

Myocardial injury from CO poisoning is
linked to higher long-term cardiovascular mor-
tality [8], as well as an elevated risk of con-
gestive heart failure during the first month of
follow-up, which should be continued for >2

years [13]. In addition, there is a subsequent
risk of developing arrhythmia [14]. It is advis-
able to recommend that patients participate in
cardiac rehabilitation programs, and to have the
patients followed and co-managed by cardiolo-
gists due to a high risk of myocardial fibrosis
and exercise intolerance [15-16].

Conclusion

For patients with CO poisoning, findings
of elevated cardiac enzymes and an abnormal
ECG indicate myocardial injury. The atypical
territories of ST-segment changes on an ECG
potentially distinguish CO poisoning-related
myocardial injury from acute coronary syn-
drome. However, patients at high risk of CAD
are advised to undergo coronary angiography,
and revascularization in cases of true myocar-
dial infarction.
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Malignant Pleural Mesothelioma in a Young Adult:
A Case Report and Literature Review

Jin-Hao Xu', Chia-Yu Chiu? Jen-Hsien Lin', Wei-Yi Lee®

Classic malignant pleural mesothelioma (MPM) is typically diagnosed in patients >70
years old. Here, we presented a case of MPM diagnosed at age 30, with asbestos exposure
10 years previous. We also reviewed the published literature on MPM at age <40 (young
MPM). Compared with the historical cohort, young MPM has a shorter latency period (15 vs.
32 years), less known asbestos exposure (38% vs. 80%), and more surgical opportunities (31%
vs. 18%). Although asbestos has been gradually prohibited in developed countries, clinicians
should be aware that MPM can still occur after short-term exposure to asbestos in young

adults. (Thorac Med 2024; 39: 281-291)

Key words: asbestos exposure, asbestos inhalation, occupational exposure, brake linings, asbestos

bans

Introduction

Malignant pleural mesothelioma (MPM),
a cancer that arises from the pleura, is pre-
dominantly caused by asbestos inhalation. The
latency period between asbestos exposure and
mesothelioma onset is approximately 30-40
years, with the median age at diagnosis being
74 years [1-2]. However, MPM could occur at a
younger age if there was high intensity or early
age exposure [2-3]. Young MPM (defined as
MPM that occurs at age < 40) is rare, account-
ing for less than 2% of all cases [3]. Young
MPM patients often have more exposure to

non-occupational asbestos or environmental
sources than classic MPM patients [3]. This in-
cludes secondary exposure (through household
members) and environmental exposure (living
near mines and factories; or using asbestos-con-
taining products [such as ironing on asbestos-
coated boards or using building materials]) [4].
Some young MPM is secondary to radiation
therapy or occurs in those with a genetic predis-
position [3, 5]. Treatment for MPM generally
involves a combination of surgery, radiation,
chemotherapy, and immunotherapy [6-7]. In
addition, a study showed young MPM patients
have a better prognosis than classic MPM pa-
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tients (median survival time 11 months vs. 8
months, p<0.0001) [3].

In Taiwan, asbestos consumption peaked in
the mid-1980s at around 40,000 metric tons an-
nually, with widespread use in ships, insulation,
brake linings, cement, and textiles. In 2018, Tai-
wan implemented a national policy banning all
types of asbestos [8]. Herein, we report the case
of a 30-year-old male diagnosed with MPM that
was linked to high-intensity, unprotected expo-
sure to asbestos in brake linings for 2 years. To

explore the unique aspects of this condition in
this demographic group, we critically reviewed
the published cases of MPM in patients under
age 40.

Case Report

A 30-year-old male soldier, previously in
good health, was referred to our emergency
department (ED) for persistent right pleural ef-
fusion (Figure 1A, 1B) discovered during a rou-

Fig. 1. Image findings in the present case. A, B: Chest X-ray showed right-side pleural effusion. C, D: Computed tomography scans showed right-

side pleural effusion with right lower lobe consolidation.
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tine military physical examination. The patient
experienced a 6-month history of progressive
exertional dyspnea, cough, and right chest pain.
At the ED, his vital signs were stable, with a
fever of 37.80C (1000F).

Physical examination revealed decreased
breathing sounds and dullness on percussion on
the right side of his chest, consistent with pleu-
ral effusion. Computed tomography (CT) scans
confirmed right pleural effusion, consolidation
in the right lower lobe (RLL), and subsegmen-
tal atelectasis (Figure 1C, 1D). Upon admission,
empirical antibiotic therapy with amoxicillin-
clavulanic acid was initiated to address poten-
tial pulmonary infection. The patient underwent
bronchoscopy with endobronchial brushing and

lavage on the second day of hospitalization. The
stains and cultures for bacteria and mycobacte-
rium both showed negative results.
Thoracentesis yielded exudative effusion
with lactate dehydrogenase of 578 U/L, total
protein of 6.7 g/dL, and malignant cells on cy-
tology, raising a suspicion of carcinoma. He
denied a history of smoking, but his occupa-
tional history was significant for employment at
a brake linings factory for 2 years (at age 19-20
years), indicating substantial asbestos exposure.
On the seventh day of hospitalization, vid-
eo-assisted thoracoscopic surgery (VATS) with
wedge resection of the RLL was performed.
During the surgery, pleural plaques and thick-
ening (Figure 2A, 2B) with 700 ml of dark-

Fig. 2. Surgical findings and pathology findings in the present case. A, B: Pleural plaques and pleural thickening. C: Dark-red pleural effusion.

D: Papillary and glandular structures infiltrated from the outer pleura to the internal fibrous pulmonary stroma (arrowhead) (H&E, x200). E:

Immunohistochemistry staining was positive for WT1 (arrowhead). F: Immunohistochemistry staining was positive for TTF-1 (thyroid transcription

factor-1) (arrowhead).
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red pleural effusion (Figure 2C) were noted. In
addition, there were some adhesions from the
right upper lobe (RUL) to the anterior/medial
aspect of the chest wall.

Histopathological examination revealed
tumor cells arranged in papillary and glandular
structures, infiltrating from the outer pleura to
the internal fibrous pulmonary stroma (Figure
2D). Thickening of the pleura with fibrosis was
also noted. Immunohistochemistry (IHC) stain-
ing was positive for cytokeratin (CK), CK 5/6,
and WT1 (Figure 2E), and negative for thyroid
transcription factor-1 (TTF-1) (Figure 2F), con-
firming the diagnosis of epithelioid mesothelio-
ma. The patient underwent a whole-body bone
scan and brain magnetic resonance imaging for
cancer staging. Finally, his cancer staging was
determined to be cT3NOMO, pT2NOMO, Stage
IB.

He was subsequently transferred to the ter-
tiary medical center. He underwent a second
VATS (wedge resection of the RUL), and hy-
perthermic intrathoracic chemotherapy (cispla-
tin) was administered during surgery. Currently,
this patient is receiving intravenous cisplatin
and pemetrexed for mesothelioma treatment.

Discussion

We performed a literature search from the
inception to November 2023 using PubMed,
Embase, Scopus, Cochrane Library, and Clini-
calTrials.gov. The search protocol was (pleural
mesothelioma AND young adult) OR (pleural
mesothelioma AND teenagers) OR (pleural me-
sothelioma AND young). Only patients under
40 years old and articles written in English with
the full text available were included.

We identified a total of 16 cases, includ-
ing ours. The majority of young MPM patients

Thorac Med 2024. Vol. 39 No. 3

were male (11 patients, 69%), with a median
age of 26 years (interquartile range [IQR] 16
— 32 years). The distribution of MPM cases in-
cluded 6 patients (38%) from Asia (Taiwan, In-
dia, Japan), 6 patients (38%) from Europe (UK,
Turkey, Greece, Germany), 2 patients (13%)
from the USA, 1 patient (6%) from Israel, and
1 patient (6%) from Mexico. Asbestos exposure
was identified in 6 patients (38%), of whom
3 (19%) were exposed to asbestos-containing
building materials, 2 (13%) had occupational
exposure, and 1 (6%) was exposed to asbestos
through household members. The latency pe-
riod was available for 5 (31%) patients, with a
median of 15 years (IQR 8.5 — 20 years). Smok-
ing was noted in 4 patients (25%). The symp-
toms were chest pain (11 patients, 69%), fever
(9 patients, 56%), cough (8 patients, 50%), and
dyspnea (7 patients, 44%). Due to the above
nonspecific symptoms, 6 patients (38%) were
initially treated as infectious conditions (pneu-
monia, empyema, or fever of unknown origin).
Right-side disease occurrence was noted in 9
patients (56%). Pleural effusion was noted in 12
patients (75%). Thoracoscopy was the primary
diagnostic method, used for 7 patients (44%),
followed by image-guided biopsy (5 patients,
31%) and open lung biopsy (4 patients, 25%).

The histopathologic type was available for
13 (81%) patients, and included 10 (63%) pa-
tients with epithelioid, 2 (13%) with a decidu-
oid subtype, and 1 (6%) with a biphasic type.
Disease staging varied at diagnosis. Cancer
staging was available for 9 (56%) patients, in-
cluding 2 (13%) at Stage I, 3 (19%) at Stage III,
and 4 (25%) at Stage I'V. Cancer-directed sur-
gery was performed for 5 patients (31%).. The
detailed characteristics are summarized in Table
1.

MPM is a cancer highly associated with
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asbestos exposure. In our review, there were 6
(38%) patients with a clear history of asbestos
exposure, a percentage significantly lower than
the approximate 80% exposure history typically
observed in classic MPM patients [1, 3]. Envi-
ronmental or secondary exposure (i.e., family
household members working in an asbestos-
related industry) is usually unrecognized com-
pared to primary occupational exposure. Stud-
ies showed that even with minimal asbestos
exposure, young MPM might have a genetic
predisposition, such as germline mutations in
the gene encoding BRCA 1-associated protein-1
(BAPI) [3, 5-7]. In our review, 11 young MPM
patients (69%) were diagnosed by surgery, as
it could not be confirmed from initial thoracen-
tesis. Therefore, our review reminds clinicians
that MPM should also be included in the dif-
ferential diagnosis when young patients present
with pleural lesions. When patients present with
recurrent unexplained pleural effusion or radio-
graphic evidence of pleural thickening, further
diagnostic procedures, including thoracentesis,
pleural biopsy, or VATS, are indicated to assess
these abnormal findings [9].

There are 4 primary histological types of
malignant mesothelioma (MM): epithelioid
(most common), sarcomatoid, mixed/biphasic,
and desmoplastic [10]. In our review, the ma-
jority of young MRM were the epithelioid type,
which aligned with previous studies [3, 10]. The
diagnosis of MPM is based on THC biomark-
ers [9]. The positive biomarkers included were
WT1, calretinin, and CK 5/6. The negative bio-
markers included polyclonal carcinoembryonic
antigen (CEA), TTF-1, and claudin-4.23-25 [9].
In our case, the patient tested positive for CK
5/6 and WT1, and negative for TTF-1.

The treatment options for young MPM are
similar to those for classic MPM, and include

surgery (pleurectomy/decortication or extra-
pleural pneumonectomy), chemotherapy (peme-
trexed plus cisplatin or carboplatin), immuno-
therapy (pembrolizumab or nivolumab +/- ipi-
limumab), and radiotherapy [9]. The choice of
treatment depends on the stage of the disease,
histology, and the patient's performance status.
In classic MPM, radical surgical resection is
usually not feasible, and the surgery approach
is generally viewed as a palliative approach [6].
In our review, cancer-directed surgery in young
MPM was more common than in classic MPM
(31% vs. 18%) [3]. This observation suggests
that classic MPM (older age) may present more
comorbidities, making them unresectable, and
contribute to a poorer prognosis than for young
MPM. For our patient (stage IB), first-line
therapy is surgery and systemic chemotherapy
with cisplatin and pemetrexed [9]. In addition,
hyperthermic intrathoracic chemotherapy (cis-
platin) during surgery may have contributed to
a potentially prolonged survival in those with
epithelioid MPM histologic subtype stage IB
[11-12].

The strongest prognostic factors in MPM
are cancer stage and histologic subtype. The
stage affects treatment options and the possibil-
ity of undergoing surgery. Patients with epithe-
lioid MPM tend to have better outcomes com-
pared to those with sarcomatoid and biphasic
types [9, 10]. Other prognostic factors include
Eastern Cooperative Oncology Group per-
formance status, chest pain, dyspnea, platelet
count > 400,000/uL, weight loss, serum lactate
dehydrogenase levels > 500 IU/L, pleural in-
volvement, low hemoglobin levels, high white
blood cell count, and age >75 years [13]. These
factors were also incorporated into the prognos-
tic scoring systems developed by the European
Organisation for Research and Treatment of
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Cancer (EORTC) and the Cancer and Leuke-
mia Group B (CALGB) [14-15]. Furthermore,
recent research has explored IHC targets as
potential indicators of prognosis. For instance,
epithelioid MPM patients with a loss of BAPI
by IHC and a retained p16 expression by [HC
have prolonged survival [9].

For unresectable MPM, a combination of
nivolumab (a PD-1 inhibitor) and ipilimumab
(a CTLA-4 inhibitor) improved overall survival
compared to standard platinum-based che-
motherapy [6, 7]. Bevacizumab, an antibody
that targets VEGF, combined with standard
chemotherapy, has demonstrated a survival
benefit in unresectable MPM and has just been
newly added to the treatment guidelines [9, 16].
Other targeted therapies, focusing on genomic
alterations in MPM, have been explored but
not widely accepted for clinical use, especially
those targeting BAP1 (MiST trial), cyclin-
dependent kinase inhibitor 2/alternative reading
frame (CDKN2A/ARF) (MiST trial) [16], and
neurofibromatosis 2 (NF2) (COMMAND trial)
[16].

Our 30-year-old patient, diagnosed with
MPM in 2023 and with a history of working in
brake linings from 2011 to 2013, calls attention
to a less-known issue in Taiwan: that brake lin-
ings contain asbestos. The lack of awareness of
this reality led to difficulties in obtaining an as-
bestos exposure history and to insufficient pro-
tection for these patients in work environments.
Our patient had 2 years of asbestos exposure
and a 10-year latency period. In our review,
young MPM also had a shorter latency period
compared to classic MPM (median latency
period 15 years for young MPM vs. 32 years
for classic MPM) [3]. There is also a subgroup
of young MPM without known exposure to
asbestos. It is probable that other pathogenetic

Thorac Med 2024. Vol. 39 No. 3

mechanisms are involved. These may include
radiation exposure, non-asbestos mineral fibers
like erionite, simian virus 40 [3], or genetic pre-
disposition (such as germline mutations in the
BAPI1 gene) [3].

Denmark was the first country to ban asbes-
tos for insulation in 1972, followed by a com-
plete ban in 1986 [17]. The United States pro-
hibited the production of asbestos in 1992 [17].
From 1994-2005, European Union member
countries gradually implemented asbestos bans
[17]. In Asia, Japan, South Korea, and Hong
Kong banned asbestos in 2004, 2009, and 2014,
respectively [17]. Between 2002 and 2012,
China progressively enacted laws to ban asbes-
tos use in vehicle braking systems and build-
ings [17]. Taiwan prohibited the manufacture
of asbestos boards, pipes, and cement in 2008,
and implemented a total ban in 2018. In addi-
tion, the import licenses for products containing
asbestos have been suspended in Taiwan since
2023 [17]. As of 2022, a total of 82 countries
and regions had established laws and policies
to control the use of asbestos, and 62 countries
had almost strictly prohibited the production,
import, and sale of asbestos [18]. Countries
were likely to ban asbestos when they encoun-
tered a surge in mesothelioma-related deaths
within 1-5 years before the ban [19].

Implementing asbestos bans has reduced
the incidence of MPM in the past decade, espe-
cially in industrialized countries with advanced
economies and industries [18]. Due to the la-
tency period after exposure, the MPM epidemic
in Taiwan peaked between 2012 and 2020 [8].
From 1990 to 2019, the global age-standardized
incidence rate (ASIR) decreased from 0.49 to
0.43 cases per 100,000 person-years [18]. How-
ever, despite a declining incidence, the number
of newly diagnosed mesothelioma patients still
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increased from 19,072 (1990) to 34,511 cases
(2019) because of the long latency of asbestos
exposure and an aging population [18]. These
findings indicate that in countries with a long
history of asbestos use, the overall number of
MPM cases remained stable in the past decade
[20]. Nowadays, the risk factors associated with
MPM shift from asbestos exposure to genetic
mutation, other carcinogenic materials (other
than asbestos) or radiation therapy [20].

Between 2012 and 2021, the annual aver-
age number of malignant pleural tumor cases
was 80 (IQR 70— 92) in Taiwan, with a peak of
102 cases recorded for 2021, according to the
latest data available in cancer registry reports
[21]. The 102 cases of malignant pleural tumors
in 2021 accounted for 0.08% of all cancer cases
and 0.55% of cases in the respiratory system
and intrathoracic organs. Among males, the
median age for diagnosing malignant pleural
tumor was 69 years, with a global ASIR of 0.37
cases per 100,000 person-years [21]. Among
these 102 cases of malignant pleural tumors,
there were 92 cases of MPM, 8 of sarcoma, and
2 of unknown histology. Given that MPM oc-
curs decades after exposure, we anticipate that
the annual cases of MPM will remain at a peak
for years in Taiwan.

TThere are several limitations to our study.
First, although genetic factors are associated
with young MPM, the reviewed cases usually
did not provide genetic details. Second, we only
focused on pleural MPM in our study, but as-
bestos exposure can also cause peritoneal meso-
thelioma [1]. Third, the outcome of these young
MPM cases was usually not available in these
reports.

In conclusion, our review highlighted the
distinct epidemiological and clinical features
of MPM in patients under 40 years old. It em-

phasizes the importance of considering MPM
in the differential diagnosis for young patients
presenting with pleural lesions, particularly in
those with a history of asbestos exposure, even
in countries where asbestos use is prohibited.
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Right Hydropneumothorax with Epigastric Pain:
Primary Surgical Repair or Minimally Invasive
Endoscope Management: A Case Report

Che-Hung Lin'

Spontaneous esophageal perforation, also known as Boerhaave syndrome or effort
rupture of the esophagus, is most lethal if treatment is delayed. Different perforation regions
contribute to a variety of clinical symptoms and signs. The rarity and variability of the clinical
signs of esophageal perforation may lead to a delay in diagnosis. According to a previous
literature review, the mortality rate was significantly lower when a primary repair was
performed within 24 hours after perforation. Here, we reported on the emergency surgical
repair of a 40-year-old man diagnosed with Boerhaave syndrome with right epigastric pain
and coffee-ground vomitus after meals. (Thorac Med 2024; 39: 292-297)

Key words: Boerhaave syndrome, spontaneous esophageal perforation, hydropneumothorax

Introduction

Esophageal perforation is a medical chal-
lenge due to its accompanying high morbidity
and mortality: it can be fatal if diagnosis and
treatment are delayed. Esophageal perforations
are rare, with an incidence of 3.1 per 1,000,000
per year [1]. There are 3 types of esophageal
perforation: spontaneous, traumatic and iatro-
genic, and their mortality rates have been 36%,
19% and 7%, respectively [2]. latrogenic injury
to the esophagus was the most common cause
of esophageal perforation, with instrumenta-
tion accounting for 59% of all patients. Ap-

proximately 15% of esophageal perforations are
spontaneous. Spontaneous esophageal perfora-
tion, also known as Boerhaave syndrome or
effort rupture of the esophagus, is most lethal if
treatment is delayed [2].

There are 3 types of esophageal perforation
based on their location: cervical, thoracic and
intra-abdominal. The different perforation re-
gions contribute to the variety of clinical symp-
toms and signs. The rarity and variability of the
clinical signs of esophageal perforation may
lead to a delay in diagnosis. Here, we present
the case of a 40-year-old man diagnosed with
Boerhaave syndrome with the main complaints
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of right epigastric pain and coffee-ground vomi-
tus after meals.

Case Report

The patient was a 40-year-old male with a
medical history of schizophrenia and GERD.
He also had undergone open heart surgery for
valvular heart diseases more than 20 years ago.
According to his family, progressive epigastric
pain and coffee-ground vomitus after dinner
were mentioned. In the emergency room, de-
creased blood pressure (systolic/diastolic: 88/55
mmHg), sinus tachycardia, and shortness of
breath were noted. A complete blood count and
biochemistry revealed leukocytosis, anemia,
an elevated serum C-reactive protein level, and
hypokalemia. Cardiac enzyme findings were
negative. Abdominal radiography showed mild
distention and intestinal gas, and chest radiogra-
phy incidentally revealed right-side hydropneu-
mothorax (Fig. 1). Chest computed tomography
showed diffuse wall thickening of the esopha-
gus and massive right hydropneumothorax with
passive atelectasis of the right lung (Fig. 2).

The patient underwent a tube thoracostomy,
and a total of 700 ml of turbid effusions with
a bile-like appearance drained into the chest
bottle initially. His blood pressure showed mild
improvement after chest tube placement and in-
travenous fluid resuscitation. Under the impres-
sion of severe sepsis and suspected esophageal
perforation, he was transferred to the intensive
care unit (ICU).

In the ICU, there was a persistent air-leak
and turbid effusion from the chest tube. The
gastroenterologist and thoracic surgeon then
were consulted. An esophagogastroduodenos-
copy (EGD) examination was arranged and
revealed an esophageal perforation about 2 cm

Fig. 2. Massive right hydropneumothorax with passive atelectasis of

the right lung.
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Fig. 3. Perforation above the EG junction.

Che-Hung Lin

above the [esophago-gastric (EG)] junction;
persistent fluid throughout could be seen from
this hole (Fig. 3). Emergency surgery was sug-
gested by the thoracic surgeon for the repair of
the ruptured esophagus. A right mini-thoracot-
omy with primary repair and a pleural flap was
performed. The operative findings included an
empyema with thickened peels between the
posterior mediastinum and the right lower lung
near the diaphragm. A perforation (at least 4
cm in diameter) was noted in the esophagus
after the peels were removed, approximately 4
cm above the esophagogastric junction. Suture
repair, feeding jejunostomy and intra-operative
EGD were performed (Fig. 4).

On postoperative day 2 (POD 2), endotra-
cheal tube weaning and jejunostomy feeding
were started. The patient was transferred to the
general ward on POD 4. Oral feeding and chest
tube removal were performed in the second

Fig. 4. Peels formation covered the hole and the primary suture repair with a pleural flap.
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week of this admission. The patient was dis-
charged in stable condition on POD 12 and has
been followed up in our outpatient clinic, with
no re-intervention.

Discussion

The different regions of esophageal per-
foration contribute to the variety of clinical
symptoms and signs. The rarity and variability
of the clinical signs of esophageal perforation
may lead to a delay in diagnosis. Larsen K and
colleagues found that a delay in diagnosis was
associated with a higher risk (from 16-51%)
of complications and mortality [3]. In the real
world, traumatic injury of the esophagus has
been diagnosed earlier than spontaneous and
iatrogenic types. This indicates why the spon-
taneous type of esophageal perforation has a
higher mortality rate (39%) than the traumatic
type of injury (9%) [2].

There are 3 types of esophageal perforation
based on location: cervical, thoracic and intra-
abdominal. Thoracic esophageal perforation is
the most common (72.6%), followed by cervi-
cal (15.2%), and abdominal (12.5%) [18, 19].
The cervical type has the lowest mortality rate
(6%), due to the limited spread of infection re-
sulting from the anatomical limitations of the
neck. The presentation of cervical subcutane-
ous emphysema, neck pain, and dysphagia or
dysphonia can be found in cervical esophageal
perforation patients [20]. If the perforation can
be accurately localized without distal obstruc-
tion, primary surgical repair is warranted. In ad-
dition, drainage of the perforation is sufficient
to control the leak in patients not suitable for
primary repair [2]. In the thoracic group, intrac-
table retrosternal, pleuritic and mid-epigastric
pain are presented. Physical examination re-

veals mediastinal crackles with each heartbeat.
Positive imaging studies have revealed hydro-
pneumomediastinum, left hydropneumotho-
rax and pleural effusions. Surgical strategies
include primary surgical repair, diversion with
and without esophagectomy traditionally, and
endoscopic management with esophageal stent-
ing. Intra-abdominal perforation mimics the
acute abdomen. Laparotomy is the preferred ap-
proach to repair an intra-abdominal esophageal
perforation.

Brinster CJ and colleagues [2] found higher
mortality rates in the thoracic (34%) and intra-
abdominal (29%) groups than in the cervical
group (6%). The sometimes non-specific nature
of the symptoms may contribute to a delayed
diagnosis and poor outcome. The degree of
leakage and the time that has elapsed since in-
jury are of concern. A history of severe vomit-
ing after drinking or eating is always a concern.
However, approximately 25-45% of patients
have had no history of vomiting [5]. This lack
of a history of vomiting has also led to a delay
in diagnosis.

Boerhaave syndrome most commonly oc-
curs as full-thickness tears along the left aspect
of the distal intrathoracic esophagus, near the
gastroesophageal junction (GEJ) [21]. Left-
side hydropneumothorax is most common. Our
patient suffered right-side hydropneumothorax,
which also led to a delay in diagnosis and treat-
ment. Boerhaave syndrome is suspected only
when patients develop sepsis-related symptoms,
such as fever, tachypnea, tachycardia, and hy-
potension. The above symptoms and signs and
pleural effusion can be detected several hours
after injury [6].

For patients with a stable hemodynamic
status, initial medical strategies consist of total
avoidance of all oral intake, parenteral nutri-
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tion support, broad-spectrum antibiotics, proton
pump inhibitors and drainage of extraluminal
infectious fluids, and surgical consultation with
an experienced thoracic surgeon [7]. Brinster
CJ, et al. reported that the mortality rate was
significantly lower when a primary repair was
performed within 24 hours of perforation, com-
pared to repair after 24 hours (4% vs 27%) [2].
The time interval between emergency surgery
and the onset of symptoms in our patient was
18 hours.

Medical treatment has been successfully
applied in selected patients, including those
with stable hemodynamic status, and without
symptoms and signs of sepsis, leakage in the
neck, and leakage surrounding perforation of
the thoracic esophagus without extending to the
pleural cavity. In addition, early consultation
with an experienced thoracic surgeon is recom-
mended if the patient deteriorates, since emer-
gency surgery may be necessary [8]. Recently,
the use of endoscopic treatment for those who
are unlikely to tolerate surgery (due to exten-
sive underlying comorbidities) for esophageal
perforations has become more popular, and has
included placement of fully covered esophageal
stents, through-the-scope (TTS) clips, over-
the-scope (OTS) clips, and endoscopic sutur-
ing [9]. Gurwara S, et al. concluded that for
perforations less than 1 cm in size, TTS clips
are the preferred approach. For larger defects,
OTS clips allow for greater closing force, thus
facilitating closure [10]. The success of stenting
in the treatment of esophageal perforation has
been documented in several studies, some of
which report esophageal salvage rates of over
80% [11]. For a further look, Chiu, et al. have
reviewed their experience with placing esopha-
geal stents in combination with minimally-
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invasive surgical drainage to treat delayed (>
24 hours) spontaneous esophageal perforations
[21].

The median time to oral nutrition and to
esophageal stent removal was 43 and 66 days,
respectively. There was no stent migration or
hospital mortality. Endoscopic vacuum therapy
(EVT) is more successful in closing small per-
forations than in closing larger ones [12, 13].
Aziz M, et al. reported that EVT was associated
with successful closure of esophageal defects
in 89.4% of cases, with an average treatment
duration of 20 days [14]. However, some stud-
ies have reported that a significant proportion of
patients treated endoscopically require re-inter-
vention [9, 15, 16]. In one study that included
340 patients with an esophageal perforation,
endoscopic stenting had a success rate of 81%,
but reintervention was required in 91 (27%) pa-
tients [17].

Conclusion

Boerhaave syndrome is associated with
high morbidity and mortality, and is fatal if di-
agnosis is delayed. The most common cause of
death is sepsis, leading to multi-organ failure.
The location of the perforation and the etiol-
ogy of the perforation have different risks and
require different treatment strategies. Recently
developed endoscopic treatment provides an-
other minimally invasive treatment for delayed
spontaneous esophageal perforations and for
highly selective patients, but has higher re-
intervention rates. The sometimes non-specific
nature of the symptoms may contribute to a de-
lay in diagnosis and a poor outcome. Early con-
sultation with an experienced thoracic surgeon
is recommended.
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