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Clinician and Pharmacist Participation in a
Multidisciplinary Team-Care Model to Improve the Rate
of Correct Inhaler Usage and Medication Adherence in

COPD Patients

Pei-Chia Mai', Chia-Chen Huang', Ho-Shen Lee', Yu-Feng Wei**,
Jung-Yueh Chen'?

Introduction: Inhaler therapy is a cornerstone of treatment for patients with chronic
obstructive pulmonary disease (COPD), and symptomatic patients always need long-term
inhaler usage. However, poor therapeutic adherence and poor inhaler usage techniques are
challenges to treatment efficacy. The participation of a clinician and a pharmacist in COPD
management has been discussed in recent years. Some previous studies have provided
evidence that such models could have positive effects on medication adherence and correct
inhaler usage.

Methods: This was a single-center study conducted in southern Taiwan. The COPD care
service was provided by a multidisciplinary team, including a clinician, a pharmacist and a
case manager as the core members. Patients with COPD (group B, C or D) were enrolled
into the intervention group (clinician and pharmacist care service model) or the control group
(standard care). We evaluated the patients’ inhaler use technique and medication adherence
by assessing the percentage of inhalation steps performed correctly and using the Morisky
Medication Adherence Scale (MMAS-8), respectively, at both baseline and 12 months after
study enrollment.

Results: A total of 692 patients with stable COPD were recruited for our study; 118
patients (17%) were enrolled into the intervention group and 574 patients (83%) into the
standard care group. The intervention group showed significant improvement in their inhaler
technique total score compared with the standard care group (92.7+10.4 vs 88.5£13.4,
P<0.01). Medication adherence was also improved in the intervention group (percentage of
high adherence patients increased from 22 (18.6%) to 26 (22%)). However, there was no
significant improvement in the rate of correct inhaler usage after a 12-month interval in both
groups.

Conclusion: The multidisciplinary team-care model, with clinician and pharmacist
participation, may result in improvement in inhaler usage and medication adherence in
patients with COPD. In the intervention group, there was similar correct inhaler usage with all
of the different devices. (Thorac Med 2022; 37: 154-165)

Key words: Chronic obstructive pulmonary disease; multidisciplinary team-care model; inhaler
technique; inhaler adherence

Thorac Med 2022. Vol. 37No. 3
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Introduction

Chronic obstructive pulmonary disease
(COPD), a systemic inflammatory disease that
presents with chronic airway obstruction, is
the 4th leading cause of death worldwide [1].
In Taiwan, the trend line of COPD-associated
death is decreasing, but it remains the 8th lead-
ing cause of death [2]. It has not only been a
major global public health problem but also car-
ries a high economic burden for all countries.

Inhaler therapy is a cornerstone of treat-
ment for patients with COPD [3]. Compared
with systemic therapy, inhaler therapy has ad-
vantages such as rapid onset of action, higher
local concentrations in the lung tissue, and a
lower rate of adverse events [3]. Inhaler therapy
is not only for symptom control, it also reduces
the risk of complications, prevents exacerba-
tions, improves quality of life, and slows dis-
ease progression [4-5].

However, adherence to inhaler therapy by
patients with COPD is a real challenge in clini-
cal practice [6]. Many previous studies have
reported associations between low adherence
to inhaler therapy and poor patient outcomes
(mortality, hospitalization rate), and an in-
creased economic impact (higher healthcare
costs) [7]. Only 40-60% of patients with COPD
adhere to the prescribed regimen and only 1 out
of every 10 patients with a metered dose inhaler
performs all essential steps correctly [8-9].

Pharmacists play a critical role in educating

COPD patients on appropriate inhaler use and
ensuring correct medication adherence [10]. A
previous meta-analysis revealed that pharma-
cist-led interventions had a positive effect on
medication adherence and inhaler technique
among COPD patients [11].

Therefore, the aim of this study was to
evaluate whether a multidisciplinary team-care
model, with clinician and pharmacist coopera-
tion, improved inhaler usage and medication
adherence among COPD patients, compared
with standard care.

Methods

Patient eligibility and recruitment

A total of 881 subjects with stable COPD
were recruited from E-Da Hospital (Kaohsiung
City, Taiwan) between January 1, 2019 and
December 31, 2020. All recruited patients were
from the outpatient department or general ward.
Pulmonary medicine specialists assessed and
confirmed the diagnosis of COPD, based on the
clinical symptoms and pulmonary function test
criteria of a post-bronchodilator ratio of forced
expiratory volume in 1 second to forced vital
capacity (FEV /FVC) lower than 0.70.

These clinically diagnosed COPD patients
were enrolled in the study if they fulfilled the
following inclusion criteria: (1) age >40 years,
and (2) COPD classification in group B, C, or D.
The classification of COPD was based on the
Global Initiative for Chronic Obstructive Lung

'Department of Internal Medicine, E-Da Hospital, Kaohsiung, Taiwan, *College of Medicine, I-Shou University,
Kaohsiung, Taiwan, *Department of Internal Medicine, E-Da Cancer Hospital, Kaohsiung, Taiwan, ‘School of
Medicine for International Students, College of Medicine, and Institute of Biotechnology and Chemical Engineering,
I-Shou University, Kaohsiung, Taiwan, *Department of Pharmacy, E-Da Hospital, Kaohsiung, Taiwan.

Address reprint requests to: Dr. Jung-Yueh Chen, Department of Internal Medicine, E-Da Hospital, No. 1, E-Da road,

Kaohsiung 824, Taiwan
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Disease (GOLD) 2021 guidelines [1]. A total of
110 patients did not meet the above inclusion
criteria and were excluded from the study. An
additional 79 patients were excluded from the
study for the following reasons: (1) unable to
use inhalers independently, (2) long-term bed-
ridden status, and (3) impaired cognitive func-
tion. Following an explanation by the pulmo-
nary medicine specialists, 118 patients accepted
the multidisciplinary team-care model, while
the remaining 574 patients chose to receive
standard care (Figure 1).

Multidisciplinary team-care model
The core members of the multidisciplinary
team-care model included the pulmonary medi-

cine specialist, the COPD case manager and the
pharmacist. Other team-care members included
dietitians, nurses, respiratory therapists, physi-
cal therapists, and clinical psychologists, all of
whom actively participated in the team opera-
tion as required. This 1-year service consisted
of a face-to-face meeting every 3 months for 9
months after the patient was enrolled (at base-
line, and at 3 and 6 months post-baseline) and 1
annual assessment (at 12 months post-baseline).

The initial action was led by the pulmonary
medicine specialist, the pharmacist and the
COPD case manager at the first meeting (base-
line). The pharmacist assessed the patient’s
inhaler device technique and medication adher-
ence, and reviewed current medication usage

881 assessed for eligibility

Did not meet inclusion criteria

A 4

v

(n=110)

771 assessed for eligibility

Met exclusion criteria (n=79)

Cannot use inhalers independently (n=41)

692 assessed for eligibility

Long-term bedridden status (n=21)
Impaired cognitive function (n=17)

Declined to participate (n=574)

Standard care_group
(n=574)

|

574 completed

Fig. 1. Flow chart for COPD patients multidisciplinary care model enrollment

Thorac Med 2022. Vol. 37 No. 3
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Intervention Provider Content
Y
. _ 4 N . .
Inhaler device technique Demonstrate standard protocol for inhaler device usage to the
patient. Total scores for each device, including pre- and post-test
Pharmaco- h rlismonologst Include subjective (patient questionnaires) and objective (record
logical inten- Medication adherence d dose count for each device) evaluation of adherence at each
ventions an meeting and return to clinic.
Pharmacists . . . .
) o Introduce each inhaler device to the patient. Analyze the patient’s
Review of medication lifestyle based on shared decision-making (SDM).
. . / N Establish personal medical and medication profile. Regularly
‘ Idhiezition gaid g LOWD follow up the patient by phone or face-to-face meeting.
[ Smoking status ] Clinician, Provide education andresources for cessation by the case manager
Non-
pharmacolog L case manager, o P .
cal infen- T Aeng—— Ecourage vaccination by clinician at every meeting.
ventions and other
o Rehabilitation evaluation and education. Rehabilitation physician
Pulmonary rehabilitation participants referral if needed for moderate to severe cases.
[ Nutrition consultation ] _ ) Active intervention by nutritionist when BMI < 21

Fig. 2. COPD multidisciplinary team-care model.

based on individual pharmacological needs.
COPD case managers recorded the patient’s
demographic characteristics, including smoking
status, vaccination status, pulmonary rehabilita-
tion attendance, and medical and medication
profile (pulmonary function test, chest radiog-
raphy and laboratory tests). Other non-pharma-
cologic interventions, including smoking ces-
sation, nutritional consultation, and pulmonary
and physical rehabilitation, were also evaluated
and performed by other team members (Figure
2).

Education on inhaler device usage for
COPD patients was different in the 2 groups. In
the standard care group, a pharmacists’ referral
was only required for patients newly diagnosed
with COPD or for those changing inhaler medi-
cations as directed by their pulmonary medicine
specialist. Such referrals occurred periodically

and without regular monitoring of the patient's
condition. In the intervention group, patient
education was provided by the new multidisci-
plinary team. Pharmacists were highly involved
in this service model and cooperated with the
other team members. The pharmacists actively
analyzed and demonstrated the advantages and
disadvantages of each available inhaler device
to the COPD patients. Patient decision aids
were then used to help the patient choose an
appropriate inhaler device via shared decision-
making. The results of this education were fed
back through computerized communication
systems. To improve the patient’s medication
adherence, instruction manuals (including im-
portant disease information, common questions
and answers, public resources, and social and
psychological support) were provided. The
pharmacists also aggressively followed up the

Thorac Med 2022. Vol. 37 No. 3
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patients’ inhaler technique and adherence dur-
ing each regular pulmonary outpatient depart-
ment Vvisit.

Measurements

Assessments of the patients' demographic
characteristics, including age, gender, body
mass index (BMI), smoking status, comorbidi-
ties (including cardiovascular diseases, lung
cancer, gastroesophageal reflux [GERD], os-
teoporosis, and depression/anxiety — the most
common comorbidities of COPD [1]), blood
eosinophil count, inhaler usage number, and in-
haler medications and devices, were conducted.
Disease severity, including COPD grouping,
and pulmonary function tests as measured
by spirometry (including FVC predicted and
FEV,% predicted) were also measured and re-
corded. Scores on the COPD Assessment Test
(CAT) and Modified Medical Research Council
(mMRC) dyspnea scale self-assessment ques-
tionnaires were used to assess the symptom
severity of COPD [1]. The CAT score was
established using 8 different items, including
cough, sputum amount of phlegm, chest tight-
ness, shortness of breath, limited activities at
home, confidence leaving home, sleep quality,
and personal vitality. Each item had a score
ranging from 0 to 5, with the total score ranging
from 0 to 40 [1]. Higher total CAT scores cor-
related with more severe COPD symptoms. The
mMRC consisted of grades 0 to 4 (5 grades).
Higher mMRC grades indicated more severe
dyspnea.

Medication adherence was evaluated us-
ing the Morisky Medication Adherence Scale
(MMAS-8) in the multidisciplinary team-care
model group. MMAS-8 is one of the most wide-
ly used tools for assessing medication adher-
ence in patients with COPD [12]. It is an 8-item

Thorac Med 2022. Vol. 37 No. 3

self-report questionnaire, where each item
describes a reason for low adherence. The total
score ranges from 0 to 8. Higher total scores
reflect higher medication adherence. MMAS-
8 total scores of 8 indicate high adherence, 7 or
6 means medium adherence, and scores lower
than 6 indicate low adherence.

Four types of inhalers were used in this
study, including the Breezhaler®, Ellipta®,
Evohaler® and Respimat®. Each inhaler device
has its own standard number of steps which
should be completed (Breezhaler® and Ellip-
ta®: 8 steps, Evohaler®: 9 steps, Respimat®:
11 steps). The patients' inhalation technique
was evaluated for their respective inhaler.

In the intervention group, the pharmacist
showed the patient the correct step-by-step
inhalation technique, based on the standard
protocol for their inhaler, in their first meeting
(baseline). Patients then needed to demonstrate
the inhalation technique for their devices. The
pharmacist scored the percentage of total cor-
rect steps using a checklist. After 12 months of
follow-up (end of study), the pharmacist again
scored the percentage of total correct steps.

For study consistency, experienced pharma-
cists were necessary. The pharmacists partici-
pating in this study needed to have more than
2 years of clinical work experience, or, they
needed to complete inhaler therapy education
and other conscientious face-to-face training
courses offered by COPD experts. To minimize
the impact of subjective bias, only 2 pharma-
cists were recruited based on their years of
clinical practice experience.

Based on previous studies [13] [14] [15],
we assumed that 50% of recruited COPD pa-
tients used inhaler devices correctly and that the
intervention would enhance this to at least 80%.
So, using a significance level of 0.05, a power
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of 90%, and assuming a 20% dropout rate, at
least 25 patients were required to participate in
the study.

Statistical analysis

All data were recorded on and analyzed
using Statistical Product and Service Solu-
tions (SPSS, version 28). Nominal or ordinal
variables were presented as numbers (N) and
percentages (%). Continuous variables were
presented as the mean + standard deviation (SD).
Before statistical analysis, the data were tested
for normality. A chi-squared test or Fisher's
exact test was used for comparisons of categori-
cal variables. A t-test or analysis of variance
(ANOVA) was used for continuous variables
with a normal distribution, and a Mann—Whit-
ney U-test or Kruskal-Wallis test was used for
continuous variables without a normal distribu-
tion. Regression analysis was adopted to deter-
mine factors that affected the correct inhaler use
rate and medication adherence. All tests were
2-tailed, and a p-value <0.05 was considered to
indicate a significant difference.

Results

A total of 692 patients with stable COPD
were enrolled in the current study. After com-
pleting prescreening, 118 patients (17%) were
enrolled into the multidisciplinary team-care
(intervention) group. A total of 574 patients
(83%) were enrolled into the standard care
group because they declined to participate in
the team-care project. Table 1 details the base-
line characteristics of the enrolled COPD pa-
tients. Most patients were elderly males. The
mean age of the study population was 74.6+7.9
years in the standard care group and 75.2+7.1
years in the intervention group. The mean BMI

was 23.2 kg/m’ in the standard care group and
21.9 kg/m’ in the intervention group. Most of
the participants in this study were moderate
COPD cases, with a mean FEV, of 61.8% in the
standard care group and 62.5% in the interven-
tion group. Most cases were in COPD group
B or group C, and most were current smokers
(75.8% in the standard care group; 68.6% in the
intervention group). As for baseline characteris-
tics, there was no significant difference between
the 2 groups.

The most-used devices were Ellipta®
(32.8%) and Evohaler® (31.2%). The least-used
device was Breezhaler® (5.9%). Most patients
used 2 inhalers (57.3%) (average: 1.62+0.53).
The most common inhaler medication com-
binations were inhaled corticosteroids (ICS)
+ long-acting beta-agonists (LABA) (32.4%),
and LABA + long-acting muscarinic antagonist
(LAMA) (31.9%).

The number of operation steps in the check-
list and the rate of correct inhaler usage for dif-
ferent devices are shown in Table 2. Respimat®
had the greatest number of operation steps
compared with other devices. The lowest rate of
correct usage for a device was with Evohaler®
in the standard care group (85.7%). The high-
est rate of correct usage for a device was with
Breezhaler® in the intervention group (94.6%).
The most common patient "critical error" steps
among all inhaler devices were (1) insufficient
complete exhalation before use of the inhaler
and (2) an inability to hold their breath for 5 to
10 seconds after use of the inhaler.

Table 3 shows a comparison of the overall
rate of correct inhaler usage between the stan-
dard care and intervention groups. The inter-
vention group had a significantly higher rate of
correct inhaler usage than the standard group
(92.7% vs. 88.5%, p<0.001).

Thorac Med 2022. Vol. 37 No. 3
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Table 1. Baseline Characteristics of the Enrolled COPD Patients

Standard care group Intervention group

(n=574) (n=118) Pralue
Age (years), mean (SD) 74.6 (7.9) 75.2(7.1) 0.439
Gender, N (%) 0.455
Male 545 (94.9) 114 (96.6)
Female 29 (5.1) 4 (3.4
Mean BMI (kg/m2), mean (SD) 23.2(9.1) 21.9(3.9) 0.114
BMI <21, N (%) 232 (40) 49 (41.9)
BMI>21, N (%) 342 (60) 68 (58.1)
mMRC, N (%) 0.439
0-1 141 (24.6) 31 (26.3)
2-4 433 (45.4) 87 (73.7)
Lung function testing, mean (SD)
FVC% predicted (%) 80.4 79.5 0.532
FEV % predicted (%) 61.8 62.5 0.200
ABCD group, N (%) 0.824
B 310 (54.0) 63 (53.4)
C 229 (39.9) 46 (38.9)
D 35 (6.1) 9 (7.7)
Smoking status, N (%) 0.229
Current smoker 435 (75.8) 81 (68.6)
Ever-smoker 61 (10.6) 18 (22.2)
Never-smoker 78 (13.6) 19 (23.5)
Comorbidities, N (%) 450 (78.4%) 99 (83.4%) 0.179
Blood eosinophil count (cells/pL) 0.680
<300 374 (65.3) 80 (69.6)
>300 35 (6.1) 6 (5.2)
no data 164 (28.6) 30 (25.4)
Inhaler numbers, N (%) 0.946
1 235 (40.9) 46 (39.0)
2 325 (56.7) 71 (60.2)
>3 14 (2.4) 1 (0.8)
Inhaler medication, N (%) 0.070
LABA 94 (16.4) 13 (11.0)
LAMA 94 (16.4) 23 (19.5)
LABA+LAMA 173 (30.1) 48 (40.7)
ICS+LABA 195 (34.0) 29 (24.6)
ICS+LABA+LAMA 18 (3.1) 5 (4.2)
Inhaler device, N (%) 0.111
Breezhaler® 30 (5.3) 7 (5.9)
Ellipta® 190 (33.1) 37 (31.4)
Evohaler® 193 (33.6) 23 (19.5)
Respimat® 161 (28.0) 51(43.2)

Acronyms: BMI: body mass index; COPD: chronic obstructive pulmonary disease; mMRC: Modified Medical Research Council Dyspnea scale;
FEV,: forced expiratory volume in 1 second; FVC: forced vital capacity; LABA: long-acting beta-agonists; LAMA: long-acting muscarinic
antagonist; ICS: inhaled corticosteroid.

Thorac Med 2022. Vol. 37 No. 3
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Table 2. Mean Correct Rate for Different Inhaler Devices after 12 Months of Follow-up

Inhaler device  Device type Operating Standard care groupe Intervention group
Steps
n (%) Mean (%) n (%) Mean (%)
Breezhaler® DPI 30 (5.3%) 92.5 7 (5.9%) 94.6
Ellipta® DPI 190 (33.1%) 90.5 37 (31.4%) 92.3
Evohaler® MDI 9 193 (33.6%) 85.7 23 (19.5%) 923
Respimat® SMI 11 161 (28.0%) 88.1 51 (43.2%) 93.0
Acronyms: DPI: dry powder inhaler; MDI: metered dose inhaler; SMI: soft mist inhaler
Table 3. Comparison of Overall Correct Inhaler Usage Rates (mean (%)) Between the Standard Care and Intervention Groups
Standard care group Intervention group Pvalue

n 574 118

Mean (%) 88.5 92.7 <0.001

SD 13.4 10.4

Minimum 25 60

Maximum 100 100

Table 4. Improvement in the Inhaler Usage Rate (mean (%)) from Baseline to end of Study (12 months) Between the Standard Care and

Intervention Groups

Baseline End of study (12 months)
Group mean SD S:::iiz‘lﬁt;i::lnz‘;: § mean SD s;reii::ic(i)t:ln(t‘;: § Pvalue
Intervention 91.4% 11.4 12.5 93.0% 115 12.4 0.538
group
Standard care oo 00 5 14.4 89.7%  12.7 14.2 0.720

group

Improvement in the rate of correct inhaler
usage was determined by comparing baseline
and end-of-study (12 months) findings among
both the standard care and intervention groups.
Even though the trend line of correct usage im-
proved in both groups, there was no statistically
significant increase in the rate of correct inhaler
usage in either group (p=0.720 in the standard
care group; p=0.538 in the intervention group)
(Table 4).

Medication adherence was improved in the
intervention group. The number of patients with
high adherence (MMAS-8 score = 8) increased
from 22 (18.6%) to 26 (22%) (Table 5). Paired
t-test analysis revealed that the MMAS score in-
creased significantly after intervention (p=0.045,
<0.05). However, there was no meaningful im-
provement in the low adherence group (baseline
MMAS-8 score <6). The most common reasons
for low adherence included: symptoms seemed
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Table 5. Morisky Medication Adherence Scale (MMAS-8) Scores in the Intervention Group

Before intervention

After intervention

(n=118) (%) (0=118) (%) Pvalue
High adherence (score 8) n (%) 22 (18.6) 26 (22.0) 0.045*
Medium adherence (score 7 or 6) n (%) 88 (74.6) 84 (71.2)
Low adherence (score <6) n (%) 8 (6.8) 8(6.8)

* P<0.05

to improve, so the patient stopped taking medi-
cation by themselves, and the patients forgot to
take their medications.

Finally, the correlation between the overall
rate of correct inhaler usage and all categori-
cal variables is shown in Supplementary Table
1. No patient demographic characteristics (in-
cluding age, gender, BMI, smoking status or
comorbidities) influenced the overall rate of
correct inhaler usage. Even though the overall
rate was lower in the older patient group (age
>65 years) than in the younger patient group (age
<65 years) (mean 89.6% vs 90.34%), there was
no significant difference. Disease characteris-
tics (including CAT severity, mMRC severity,
and COPD group), number of inhalers used and
inhaler device types were not factors that influ-
enced the overall rate of correct usage of inhal-
ers.

Discussion

This study assessed the effectiveness of
a multidisciplinary team-care model, includ-
ing clinician and pharmacist participation, for
patients with COPD. The results of this study
showed that clinician and pharmacist participa-
tion significantly improved COPD patients' in-
haler technique and medication adherence.

The intervention group showed a signifi-
cant improvement in the overall rate of correct
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inhaler usage compared with the standard care
group. However, the rate of correct usage for
different inhaler devices in previous studies
had great variability. One study in Australia
found that the mean proportion of “correctly
demonstrated steps” across different inhalers
ranged between 55% and 97% [15]. This vari-
ability may be related to the small sample in the
study (35 patients using 58 inhalers). Our data
revealed that the correct usage rate for Evo-
haler® was relatively low in the standard care
group (85.7%), but the correct usage rate for all
devices in the intervention group was >90%.
The better and similar rates of correct usage
between different devices in the intervention
group revealed that the multidisciplinary team-
care model provided better efficacy, regardless
of the inhaler devices used.

Previous studies indicated that the num-
ber of inhalers used may decrease medication
adherence in COPD patients [16]. A previous
retrospective study showed that users of mul-
tiple inhalers had a significantly higher discon-
tinuation rate than single-inhaler users [17]. In
our study, most patients used either 2 inhalers
(57.3%) or 1 inhaler (40.5%). Patients who used
more than 3 inhalers were rare (2.2%). Number
of inhalers used was not shown to have a nega-
tive influence on medication adherence in our
study.

In this study, independent variables includ-
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ing age, BMI, CAT score, mMRC score, FEV,,
FVC, FEV,/FVC, eosinophil count, and device
number were shown to have no influence on
COPD patients’ rate of correct inhaler usage or
medication adherence. Previous literature found
that age was associated with COPD treatment
adherence, especially among older patients (age
>60 years) [5, 19]. In our study, the overall av-
erage patient age was 74.7+7.9 years. Although
the average age was older in the intervention
group (75.2+7.1 years) than in the standard care
group (74.6+7.9 years), the intervention group
(92.7£10.4%) still had a better rate of correct
usage for inhaler devices than the standard care
group (88.5+13.4%). The negative influence of
old age on COPD medication adherence was
not observed in our study. This result suggests
that good education and guidance among elder-
ly patients can provide a similar correct usage
rate.

Medication adherence improved significant-
ly in the intervention group, as did the MMAS
score after intervention (p=0.045, <0.05). How-
ever, such benefits were not seen in the low
adherence patient group (MMAS-8 score <6).
How to increase the motivation of patients to
improve inhaler adherence in this group is an
important issue that requires further investiga-
tion.

Adherence to inhaled medication use in
the real world varies, and there are currently
no standardized instruments for its evaluation.
Many studies use the Test of Adherence to In-
halers (TAI) questionnaire to assess adherence.
A systematic review analyzed 25 articles rep-
resenting 29 countries (27,660 COPD patients)
and found that 46.3% of patients had a moder-
ately good level of adherence to inhaled therapy
[16]. However, a high level of adherence at
baseline was noted in this study. In the interven-

tion group, 93.2% of patients had an MMAS-8
score >6 before the intervention. This may also
explain the “ceiling effect” phenomenon seen in
the results of the rate of correct inhaler usage.
The high baseline for the rate of correct inhaler
usage (91.4% in the standard care group; 88.9%
in the intervention group) may have limited
the level of improvement that can be seen at
the end of the study (93% in the standard care
group; 89.7% in the intervention group).

In our study, no correlation was observed
between the overall rate of correct inhaler usage
and patients' demographic characteristics. Dis-
ease severity, the type of inhaler device and the
number of inhalers, and non-pharmacological
intervention attendance also did not influence
the overall rate of correct inhaler usage. No
matter the type of patient, health care provid-
ers always need to help patients understand the
care setting and to influence the patients' behav-
iors, attitudes and skills needed to consistently
improve their health.

The current study has several limitations.
First, the 2 comparison groups were not ran-
domized. Even if the baseline characteristics
were similar, selection bias was possible. Due
to the limitation of the geographical location,
the patients’ living area may have influenced
their willingness to participate in the study.
People who live a longer distance from the hos-
pital may have reduced motivation to enroll in
the intervention group due to the higher number
of visits required. The main participants in this
study were primarily from the region surround-
ing the E-Da Hospital, including north Kaoh-
siung City and North Pingtung County. Their
population characteristics may be different
from those of other communities. In addition,
the duration of this study was only 12 months.
Some indicators, such as the duration of smok-
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ing cessation and keeping good medication
adherence, may need longer before they can be
fully observed. Our study focused on inhaled
medications for COPD patients. However, some
COPD npatients still need oral medications for
disease control. The role of, and association be-
tween oral and inhaled medications still needs
exploration in future studies.

Pharmacist participation has been proven to
be effective for inhaler adherence and technique
in numerous studies, however, the management
and definition of adherence and technique varies
between different studies. Different countries
and reimbursement systems also affect ongoing
management by clinicians and pharmacists.

Conclusion

The use of a multidisciplinary team-care
model, involving clinicians and pharmacists,
may result in improved inhaler technique and
medication adherence in patients with COPD.
In the intervention group, there was similar cor-
rect inhaler usage across all different devices.
However, there was non-significant improve-
ment in the rate of correct inhaler usage after a
12-month interval in both the standard care and
intervention group, which may be due to a ceil-
ing effect. Further randomized controlled trials
are needed to prove the applicability of the mul-
tidisciplinary team-care model in Taiwan.
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Effect of ALK Fusion Variants on ALK Inhibitor
Treatment in Patients with Non-small Cell Lung
Cancer: A Systematic Review and Meta-analysis
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Background: Echinoderm microtubule-associated protein-like 4 (EML)-anaplastic
lymphoma kinase (ALK) rearrangement variants have been shown to influence the treatment
outcomes of tyrosine kinase inhibitors (TK/). However, due to small sample sizes and
differences in methodology between previous studies, the results are still inconclusive.
Therefore, the aim of this study was to investigate the association between EML4-ALK fusion
variants and ALK inhibitor treatment outcomes using a meta-analysis approach.

Methods: We systematically searched 5 electronic databases, including PubMed, the
Cochrane Library, Embase, Medline, and ClinicalTrials.gov, for clinical trial publications.
EML4-ALK fusion variants were categorized into 2 subtypes: (1) ALK variant 1 carriers and
non-variant 1 carriers; and (2) long form and short form. Clinical efficacy outcomes including
objective response rate (ORR), disease control rate (DCR) and progression-free survival
(PFS) were analyzed. A random-effects model was applied to aggregate risk ratios. Sensitivity
and funnel plot analyses were also conducted to clarify possible bias in the meta-analysis
process.

Results: No significant results were observed in the association between variants and
ORR. There was no significant difference in DCR, except for a trend toward the long form
group. However, there was a significant improvement in PFS in the ALK variant 1 carriers and
in the long form group. Overall, no obvious bias was derived from a single study or publication
process.

Conclusion: The current study suggests that EML4-ALK variants affect PFS with ALK
inhibitor treatment. Future TKI therapeutic strategies with a focus on personalized medicine
should be developed. (Thorac Med 2022; 37: 166-179)
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Introduction

Lung cancer is the most prevalent and fatal
cancer worldwide [1]. Approximately 1.8 mil-
lion people were diagnosed with lung cancer
and 3.4 million died of the disease globally in
2018 [2]. Non-small cell lung cancer (NSCLC)
and small cell lung cancer (SCLC) are the
2 dominant types of lung cancer, of which
NSCLC is more common (80-85% of cases).
The overall 5-year survival rate of patients with
stage IV NSCLC is around 5% [3]. Tyrosine
kinase inhibitor (TKI) therapy has been devel-
oped in the recent decades, and has been shown
to be a more efficient treatment for NSCLC.

ALK is one of the most important driver
mutations, accounting for 3-5% of all NSCLC
patients [4]. It was first reported in anaplastic
large cell lymphomas [5]. Soda et al. later re-
ported genetic rearrangements with the echi-
noderm microtubule-associated protein-like
4 (EMLA4) fusion gene as a driver mutation in
NSCLC [6]. To date, over 20 ALK fusions have
been identified, and EML4-ALK fusions contin-
ue to be the dominant type (80%). Most EML4-
ALK variants contain the entire intracellular
kinase domain of ALK, encoded by exons 20
through 29. The breakpoint lies in the amount
of tandem atypical B-propeller (TAPE) domain
in EML4. Variant 1 (E13:A20) and variant 2
(E20:A20) have various lengths of TAPE do-
main, while variant 3a/b (E6: A20) and variant
S5a (E2:A20) express no TAPE domain. There-
fore, EML4-ALK variants are further classified
into 2 subtypes: short form (variant 3a/b and 5a/
b), and long form (variant 1 and variant 2) [3].

Patients with stage IV ALK-positive
NSCLC have prolonged overall survival (OS);
previous studies have suggested a 5-year sur-
vival rate ranging from 36% [7] to 60% [8].

EML-ALK variants may influence the response
to ALK inhibitors. However, the results of pre-
vious studies have been highly heterogeneous.
Most studies have included patients treated
with ALK inhibitors. For example, Yoshida
et al [9] examined 35 ALK-positive patients
treated with the first-generation ALK inhibitor,
crizotinib, and suggested a significantly longer
progression-free survival (PFS) in patients with
variant 1 compared to those with non-variant
1. In addition, Woo et al [10] reported that in
54 patients who received crizotinib, ceritinib or
alectinib (second-generation ALK inhibitors),
variant 1/variant 2 carriers had a longer PFS,
although there was no significant difference
in OS. Several other studies have reported no
significant difference in treatment response be-
tween patients with variant 1 and non-variant
1, and between those with long form and short
form variants [11-15]. To date, the results of
previous studies remain inconclusive.

The inconclusive results with regard to the
effect of EML-ALK variants on the outcomes
of TKI therapy are mainly due to differences
between studies, including different categories
of variant subtypes, the type of ALK inhibitor
used, and the endpoint of treatment response.
The technique used to detect the variants and
the small sample sizes are also factors. How-
ever, no prior study has comprehensively ag-
gregated the existing evidence. The aim of
this study was to conduct a meta-analysis to
summarize previous studies and clarify the rela-
tionship between EML4-ALK variants and TKI
treatment response.

Methods

Data sources and literature searches
This systematic review and meta-analysis
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was conducted according to the Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement guidelines
[16]. We systematically conducted an electronic
search of PubMed, the Cochrane Library, Em-
base, Medline, and ClinicalTrials.gov from the
earliest available date to February 2019. The lit-
erature search was conducted by 2 researchers
(Y, C. C. and H, P. C.), and employed the fol-
lowing sets of key terms: (“non-small cell lung
cancer” OR “lung cancer” OR “NSCLC”) AND
(“ALK variants” OR “ALK fusion variants” OR
“anaplastic lymphoma kinase”) AND (“ALK
inhibitors” OR “crizotinib” OR “alectinib” OR
“ceritinib” OR “brigatinib” OR “loratinib” OR
“ensartinib” OR “entrectinib” OR “belizatinib
(TSR-011) OR “ASP3026”). These terms were
used to search keywords, text, titles, and sub-
ject headings, as appropriate for each database.
The full articles for titles meeting the inclusion
criteria were retrieved and reviewed. Additional
eligible studies were sought by searching the
reference lists of the primary articles and rel-
evant reviews.

Inclusion and exclusion criteria

Eligibility criteria for the current review
were: 1) randomized controlled trials, case-con-
trol studies, or cohort studies focusing on the
association between EML4-ALK variants and
response to ALK inhibitor treatment; 2) articles
written in English; 3) patients diagnosed with
NSCLC; and 4) articles reporting the carrier
status of ALK variants. Patients were classified
as being ALK variant 1 carriers if they had 1 or
more copies of the variant 1 allele, and as ALK
non-variant 1 carriers if they had no copies of
the variant 1 allele. They were further catego-
rized into short and long form variant groups
according to the classification mentioned above.

Thorac Med 2022. Vol. 37 No. 3

The following types of studies were excluded:
republished data, those with incomplete inclu-
sion criteria data, other meta-analyses, reviews,
letters and editorial articles.

Data extraction and quality assessment (PRISMA)

Two investigators (Y, C. C. and H, P. C.)
independently extracted relevant information
from the included studies and evaluated the
methodological quality of the eligible trials us-
ing the Newcastle-Ottawa Quality Assessment
Scale (NOS) [17]. The following information
was collected from the selected articles: last
name of the authors, date of publication, study
design, region and population, study character-
istics (e.g., age, sex), types of ALK inhibitors,
number of participants, duration of follow-
up and assessment of treatment effectiveness.
The NOS is a freely available 8-item scale
with a version for assessing the quality of non-
randomized studies in meta-analyses. This scale
evaluates the domains of selection, comparabil-
ity and outcome or exposure. One star is allo-
cated when a quality feature is present, up to a
maximum of 9 stars (the comparability domain
can be scored up to 2 stars); studies awarded 7
or more stars are considered to be high-quality
studies. Disagreements between the 2 investiga-
tors were resolved through discussion.

Efficacy outcomes

The primary efficacy outcome was objec-
tive response rate (ORR), which was calculated
as the total percentage of patients with a com-
plete response or partial response. Other sec-
ondary efficacy outcomes included: (1) disease
control rate (DCR), defined as the total per-
centage of patients with a complete response,
partial response, or stable disease; and (2) PFS,
defined as the length of time from medication
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until RECIST 1.1 progressive disease. The best
tumor response was evaluated with computed-
tomography (CT) assessment using RECIST 1.1.

Data synthesis and statistical analysis

Data were pooled statistically using event
rates calculated for the primary endpoint. Di-
chotomous analyses were conducted using risk
ratios (RRs). Continuous data were analyzed
using standardized mean difference (SMD),
which accounted for the varied and non-
standardized outcomes across studies. Possible
sources of heterogeneity or inconsistencies in
the magnitude or direction of effects in trials
were investigated. Heterogeneity was assessed
using the /7 test [18]. A random-effects model
was used to estimate methodological variation
between studies. Leave-1-study-out sensitivity
analysis was performed by excluding 1 trial at
a time and examining whether the pooled ef-
fects remained robust. Due to the presence of
heterogeneity, we conducted subgroup analyses
to assess the source of heterogeneity based on

suspected variables. Publication bias was ex-
amined using a funnel plot of effect size against
the standard error for asymmetry. Egger’s re-
gression test was also used to assess publication
bias [19]. All meta-analytic computations were
performed using R software (with meta package
version 3.5.1).

Results

Baseline characteristics of the included studies

Of the 1725 original studies screened, 14
met the inclusion criteria. A summary of the
included studies and their results are presented
in Table 1. Most of the studies (13 out of 14)
focused on crizotinib treatment. All studies
isolated variant 1 from other variants, and 8
of the 14 studies detected ALK fusions using a
sequencing technique. Eleven of the 14 studies
with detailed data were extracted for quantita-
tive synthesis. The NOS scores of the included
studies ranged from 6 to 8. The treatment du-
ration ranged from 3 to 24 months. Figure 1

1999 Record identified through PubMed, Embase and
MEDLINE

3 additional records identified through other sources

1

| 2002 Records found |

k.

————» 277 Excluded duplicated records

| 1725 Records screened

1012 Records excluded
789 Excluded at title screening
223 Excluded at abstract screening

| 713 Full-text articles assessed for eligibility

‘

699 Full-text articles excluded
671 Did not meetinclusion criteria
28 Lack of control

14 Studies included in

qualitative synthesis

3 Data cannot be extracted

3 Insufficient data

11 Studies included in quantitative synthesis

Fig. 1. PRISMA Flow Chart of the Current Meta-analysis
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Table 2. Meta-analysis Results for All Studies
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Suiyofa] e LU B e Ty
ORR
Variant 1 vs Non-variant 1 10 166/174 RR 0.99 (0.88; 1.11) 0.80 27.5%
Subgroup by Crizotinib 7 124/160 RR 0.95 (0.84; 1.08) 0.46 0%
Long form vs Short form 10 191/124 RR 0.99 (0.89; 1.10) 0.82 0%
Subgroup by Crizotinib 6 117/78 RR 0.96 (0.83; 1.09) 0.53 0%
DCR
Variant 1 vs Non-variant 1 7 120/153 RR 1.03 (0.95; 1.11) 0.52 0.0%
Subgroup by Crizotinib 6 116/149 RR 1.03 (0.94; 1.13) 0.53 0.0%
Long form vs Short form 7 131/100 RR 1.07 (0.99; 1.15) 0.08 0.0%
Subgroup by Crizotinib 5 99/74 RR 1.04 (0.96; 1.14) 0.30 0.0%
PFS
Variant 1 vs Non-variant 1 6 158/158 SMD 0.24 (0.01; 0.46) 0.04 0.0%
Subgroup by Crizotinib 5 139/139 SMD 0.20 (-0.04; 0.44) 0.10 0.0%
Long vs Short 5 135/134 SMD 0.32 (0.07; 0.56) 0.01 0.0%
Subgroup by Crizotinib 4 116/115 SMD 0.29 (0.03; 0.55) 0.03 0.0%

DCR, disease control rate; ORR, objective response rate; PFS, progression-free survival, RR, risk ratios, SMD, standardized mean difference.

summarizes the review flowchart in accordance
with the PRISMA statement [20].

ORR with ALK inhibitors

Binary data assessing the association be-
tween ALK variant 1 carrier status and ORR
with ALK inhibitors were available in 10 stud-
ies. There was no significant difference in ORR
between ALK variant 1 carriers and non-variant
1 carriers (RR = 0.99, 95% CI [0.88; 1.11], p =
0.80, I’ = 28%) (Table 2) (Figure 2a), and also
no significant difference in subgroup analysis
of crizotinib (RR = 0.95, 95% CI [0.84; 1.08],
p =0.45, I’ = 0%). Ten studies assessed the as-
sociation between long/short form variants and
treatment effect, but no significant difference
was found (RR = 0.99, 95% CI [0.89; 1.10], p

=0.82, I’ = 0%) (Figure 2b). There was also no
significant difference in the subgroup analysis
of crizotinib (RR = 0.96, 95% CI [0.84; 1.10], p
=0.53,1° = 0%).
DCR with ALK inhibitors

Seven studies assessed the association be-
tween ALK variant 1 carriers and DCR with
ALK inhibitors. There was no significant dif-
ference in DCR between ALK variant 1 carriers
and non-variant 1 carriers (RR = 1.03, 95% CI
[0.95; 1.11], p = 0.52, I’ = 0%) (Table 2) (Figure
3a). There was also no significant difference in
the subgroup analysis of patients treated with
crizotinib (RR = 1.03, 95% CI1 [0.94; 1.13], p =
0.53, I° = 0%).

Seven studies assessed the association be-
tween long/short form variants and DCR. A

Thorac Med 2022. Vol. 37 No. 3
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V1 variant Non-V1 variant Weight Weight
(A) Study Events Total Events Total ORR RR 95%-Cl (common) (random)
Chaetal. 2016 3 10 4 8 — 060 [0.19; 1.94] 44% 1.0%
Cha et al. 2016 2 5 2 3 R 060 [0.16; 2.29] 25% 0.8%
Linetal. 2019 9 23 1M1 18 — 064 [0.34; 1.20] 123% 35%
Lietal. 2018 6 14 22 35 —- 068 [0.35 1.31) 125% 32%
Mitiushkina et al. 2018 7 12 7 N 092 [048; 1.76) 73% 3.2%
Mitiushkina et al. 2018 17 20 17 19 095 [0.75; 1.21] 173%  238%
Noh et al. 2017 22 24 17 18 097 [0.82 1.14] 193% 507%
Yoshida etal. 2016 14 19 10 16 1.18 [0.74; 1.88) 10.8% 6.4%
Leietal 2016 16 22 17 39 - 167 [1.08, 2.59] 12.2% 71%
Horn et al. 2019 9 17 1 7 —T—=— 371 [057,24.02] 14% 04%
Common effect model 166 174 i 1.01 [0.86; 1.18] 100.0% -
Random effects model 0.9% [0.88; 1.11] - 100.0%
Heterogeneity: P = 28%, < < 0.0001
0.1 051 2 10
FavorNon-V1 variant Favor V1 variant
Short Long Weight Weight
(B) Study Events Total Events Total ORR RR 95%-Cl (common) (random)
Chaetal 2016 3 6 2 3 075 [0.24; 2.33] 26% 09%
Lietal. 2018 15 29 13 20 0.80 [0.49; 1.28) 14.9% 5.1%
Mitiushkina et al. 2018 M1 18 3 4 081 [041; 160] 438% 26%
Chaetal 2016 5 12 4 8 0.83 [0.32; 2.18] 47% 13%
Noh et al. 2017 25 28 17 18 095 [0.80; 1.12) 201%  403%
Mitiushkina et al. 2018 21 24 1M 12 095 [0.76; 1.20] 142%  225%
McLeer-Florin et al. 2018 4 6 5 8 1.07 [049; 2.33] 42% 18%
Woo et al. 2017 20 24 15 20 111 [082; 151] 159%  122%
Woo et al. 2017 23 27 17 24 1.20 [0.89; 163] 174% 12.9%
Horn et al. 2019 9 17 1 7 3.71 [057,24.02) 14% 03%
Common effect model 191 124 1.02 [0.89; 1.17] 100.0% -
Random effects model 0.99 [0.89; 1.10] - 100.0%
Heterogeneity; 1* = 0%, * < 0.0001
0.1 051 2 10
Favor Long Favor Short

Fig. 2. Objective Response Rate, (a)Comparison between variant 1 and non-variant 1 carriers; (b)Comparison between long form and short form
carriers.

V1 varianNon-V1 variant Weight Weight

(A) Study Events Total Events Total RR 95%-Cl (common) (random)
Lin etal. 2019 17 23 25 31 0.92 [0.68; 1.23] 19.6% 7.2%

Noh et al. 2017 26 28 17 18 0.98 [0.84; 1.14] 19.1% 27.6%

Li etal. 2018 13 14 33 35 0.98 [0.83; 1.16] 17.4% 23.0%

Cha et al. 2016 4 4 4 4 1.00 [0.63; 1.59] 4.1% 3.0%

Lei etal. 2016 21 22 35 39 1.06 [0.92; 1.22] 23.3% 32.6%

Cha et al. 2016 8 10 7 10 1.14 [0.69; 1.90] 6.5% 24%

Yoshida et al. 2016 18 19 10 16 ——8—— 1.52 [1.02; 2.25] 10.0% 4.1%
Common effect model 120 153 1.05 [0.96; 1.16] 100.0% -

Random effects model
Heterogeneity: 12=0%,12=0 f
0.5 1 2
Favor Non-V1 variant Favor V1 variant

1.03 [0.95; 1.11] - 100.0%

(B) Long Short'

Study Events Total Events Total DCR RR 95%-Cl Weight
McLeer-Florin et al. 2018 5 6 7 7 0.85 [0.61;1.17] 4.8%
Noh et al. 2017 26 28 17 18 0.98 [0.84;1.14] 22.4%
Cha et al. 2016 5 5 3 3 1.00 [0.60;1.65] 2.1%
Lietal. 2018 28 29 18 20 1.07 [0.91;1.26] 19.9%
Woo et al. 2017 24 24 18 20 = 1.11 [0.96;1.28] 25.6%
Woo et al. 2017 27 27 21 24 N 1.14 [0.98;1.32] 23.7%
Cha et al. 2016 10 12 5 8 — 1.33 [0.74;241] 1.5%
Random effects model 131 100 > 1.07 [0.99; 1.15] 100.0%
Heterogeneity: /2 = 0%, ©° = 0 I 1

0.5 1 2

Favor Short Favor Long

Fig. 3. Disease Control Rate, (a)Comparison between variant 1 and non-variant 1 carriers; (b)Comparison between long form and short form

carriers.
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( A) V1 variant  Non-V1 variant Weight Weight
Study Total Mean SD Total Mean SD PFS SMD 95%-Cl (common) (random)
Lin et al. 2019 23 6.10 11.01 24 825 9.56 —a— -0.21 [-0.78; 0.37] 15.3% 15.3%
Lei et al. 2016 22 11.00 13.16 39 9.01 10.26 ——q— 0.17 [-0.35;0.70] 18.4% 18.4%
Yoshida et al. 2016 16 11.00 40.59 16 4.20 8.78 —_— 0.23 [-0.47;0.92] 10.4% 10.4%
Su et al. 2019 54 11.30 9.81 42 8.60 9.81 i 0.27 [-0.13; 0.68] 30.7% 30.7%
Christopoulos et al. 2019 19 16.00 2440 19 7.00 8.89 = 0.48 [-0.17;1.13] 12.1% 12.1%
Noh et al. 2017 24 11.50 5.80 18 8.70 3.60 L 0.55 [-0.07; 1.17] 13.0% 13.0%
Common effect model 158 158 <~ 0.24 [0.01;0.46]  100.0% -
Random effects model < 0.24 [0.01; 0.46] - 100.0%
Heterogeneity: 1? = 0%, 12 =0 I T T !

-1 -0.5 0 0.5 1
Favor Non-V1 variant Favor V1 variant

(B) Long Short
Study Total Mean SD Total Mean SD PFS SMD 95%-Cl Weight
Lei et al. 2016 22 11.00 13.16 39 9.01 10.26 — 0.17 [-0.35; 0.70] 21.7%
Yoshida et al. 2016 16 11.00 4059 16 4.20 8.78 . 0.23 [-0.47;0.92] 12.3%
Su et al. 2019 54 11.30 9.81 42 860 9.81 —— 0.27 [-0.13; 0.68] 36.3%
Christopoulos etal. 2019 19 16.00 2440 19 7.00 8.89 ——&— 048 [-0.17; 1.13] 14.3%
Noh et al. 2017 24 1150 580 18 8.70 3.60 +——&— 0.55 [-0.07; 1.17] 15.3%
Random effects model 135 134 e 0.32 [0.07; 0.56] 100.0%
Heterogeneity: 12 = 0%, 12 = 0 f T T

-1 -05 0 0.5 1
Favor Short Favor Long

Fig. 4. Progression-free Survival, (a)Comparison between variant 1 and non-variant 1 carriers; (b)Comparison between long form and short form.

trend was found between long/short form vari-
ants and DCR (RR =1.07, 95% CI [0.99; 1.15],
p =0.08, I’ = 0%) (Figure 3b); however, when
focusing solely on crizotinib treatment, the re-
sults were not significant (RR = 1.04, 95% CI
[(0.96; 1.14], p = 0.30, I’ = 0%).

PFS with ALK inhibitors

Six studies assessed the association between
ALK variant 1 carrier status and PFS with ALK
inhibitors. The results showed a significant im-
provement in PFS in the ALK variant 1 carriers
(standardized mean difference = 0.24, 95% CI
[0.01; 0.46], p = 0.04, I’ = 0%) (Table 2) (Figure
4a). However, in the subgroup analysis of crizo-
tinib treatment, the results were not significant
(SMD = 0.20, 95% CI [-0.04; 0.44], p = 0.10, I*
=0%).

Five studies assessed the association be-
tween long/short form variants and PFS. The

results showed an improvement in PFS in the
long form carriers (SMD = 0.32, 95% CI [0.07,
0.56], p =0.01, I’ = 0%) (Figure 4b). Moreover,
in the crizotinib subgroup analysis, the results
remained significant (SMD = 0.29, 95% CI
[0.03; 0.55], p = 0.03, I’ = 0%).

Sensitivity analysis

We conducted leave-1-out sensitivity analy-
sis for every random-effect model. The results
are presented in Table 3. Overall, sensitivity
analysis revealed no major influence of a single
article on the overall effect in ORR. A trend ob-
served in DCR reached significance if the stud-
ies by Noh KW, et a/ [13] and McLeer-Florin A,
et al [21] were omitted. When focusing on PFS
in variant 1 carriers and long/short form carri-
ers, omitting the studies by Noh KW, et al [13]
and Su Y, et al [22] resulted in non-significant
results.

Thorac Med 2022. Vol. 37 No. 3
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Table 3. Sensitivity Analyses for the Meta-analysis using a Leave-1-out Approach

Number Effect sizes Effect size  Heterogeneity
Outcomes . 2
of studies (95% CI) p value 1" (%)
DCR Long form vs Short form
7 1.07 (0.99; 1.15) 0.08 0.0%
Leave one study out
Noh et al. 2017 6 1.09 (1.01; 1.18) 0.04 0.0%
McLeer-Florina 2018 1.08 (1.00; 1.16) 0.05 0.0%
PFS Variant 1 vs Non-variant 6 0.24 (0.01; 0.46) 0.04 0.0%
Leave 1 study out
Noh et al. 2017 5 0.19 (-0.05; 0.43) 0.12 0.0%
Su et al. 2019 5 0.22 (-0.05; 0.49) 0.11 0.0%
PFS Variant 1 vs Non-variant (subgroup by crizotinib)
5 0.20 (-0.04; 0.44) 0.08 0.0%
Leave one study out
Lin et al. 2019 0.29 (0.03; 0.55) 0.04 0.0%
PFS Long form vs Short form (subgroup by crizotinib) 4 0.29 (0.03; 0.55) 0.03 0.0%
Leave 1 study out
Noh et al. 2017 3 0.23 (-0.06; 0.52) 0.12 0.0%
Su et al. 2019 3 0.30 (-0.04; 0.65) 0.09 0.0%

DCR, disease control rate; PFS, progression-free survival, CI, confidence interval.

Funnel plot for publication bias assessment

The overall funnel plot (Figure 5a) sug-
gested symmetry between publications with
regard to significant and non-significant re-
sults. However, when comparing DCR among
the variant 1 and non-variant 1 carriers, more
non-significant reports were noted (Figure 5b).
Other funnel plots within the analysis suggested
that there was no publication bias.

Discussion

In this meta-analysis, we explored the ef-
fect of EML4-ALK variants on the treatment
response to ALK inhibitors. The results showed
no significant difference in primary endpoint
ORR between the EML4-ALK variant 1/non-
variant 1 groups or between the long/short form
variant groups. A trend of greater DCR in the
long form group was observed, and a better PFS
was observed in the variant 1 carriers and long

Thorac Med 2022. Vol. 37 No. 3

form group. These results suggest that patients
with variant 1 or long form variants may have a
better treatment effect with ALK inhibitors.
There are several important findings
in this study. First, the heterogeneity was rela-
tively small in this study. The meta-analysis
within ORR exhibited /° = 27.5%, while the 12
values of other analyses were mostly 0%. This
suggests that the effect of using different ALK
inhibitors and treatment lines, and the tech-
niques used to detect the variants may have had
a limited influence on the results. Second, in the
sensitivity analysis, omitting the studies by Su Y,
et al [22] and Noh KW, ef al [13] affected the
significance of PFS in the variant 1 and non-
variant 1 carriers. The study by Su 'Y, et al [22]
had the largest sample size, accounting for 1/3
of the whole sample. This revealed insufficient
statistical power to detect the real difference
due to the limited sample size. Additional stud-
ies with larger sample sizes are needed to vali-
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Fig. 5. Funnel Plot, (a)Overall funnel plot; (b)Funnel plot for DCR-related studies comparing variant 1 and non-variant 1 carriers.

date the PFS among EML4-ALK variants.
Another important finding of this study is
the longer PFS in the variant 1 and long form
groups. This could be supported by several fac-
tors. From the aspect of ALK inhibitor sensitivi-
ty, different degrees of protein instability caused
by EML4-ALK variants have been reported to
result in different sensitivities to ALK inhibi-
tors [23-24]. Heuckmann JM, et al reported that
variant 2 carriers had the greatest sensitivity to
crizotinib, variant 1 and variant 3b carriers had
intermediate sensitivity, and variant 3a carriers
had the lowest sensitivity [23]. Another study
reported that the half-maximal inhibition con-
centration (IC50) value required for crizotinib
was at least 10-fold higher in short form carriers

than in long form carriers, and that this further
suggested that the lack of a HELP domain in
EMLA4 resulted in less sensitivity to short form
variants [10, 25]. Therefore, greater sensitivity
to variant 1 and long form variants may have
contributed to the longer PFS.

From the aspect of metastasis, previous
studies have shown that patients with short
form variants have more metastatic sites in the
advanced stage [13] and a trend toward a higher
clinical stage at diagnosis [26]. Another study
reported that variant 3 was associated with cell
migration and metastasis by promoting micro-
tubule stabilization [27]. Hence, the lower dis-
ease volume at diagnosis in those with variant 1
and long form variants may also have led to the

Thorac Med 2022. Vol. 37 No. 3
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longer PFS.

From the aspect of resistance mutations,
emerging evidence has shown an association
between ALK variants and kinase domain re-
sistance mutations in patients receiving ALK
inhibitor treatment. ALK G1202R is located in
the solvent front of ALK kinase and plays an
essential role in treatment failure with second-
generation TKI therapy [28]. Lin JJ, ef al re-
ported that more refractory ALK G1202R mu-
tations developed in variant 3 carriers than in
variant 1 carriers. In addition, pre-clinical data
have shown the diverse cellular IC50 potency
of ALK inhibitors in variant 1 and variant 3
carriers in certain crizotinib-resistant mutations
[29]. The lower probability of variant 1 carriers
developing resistance mutations may also ex-
plain the longer PFS in variant 1 carriers. Taken
together, this evidence supports the findings of
the current study.

To our knowledge, this is the first meta-
analysis to examine the association between the
treatment effect of ALK TKIs and EML4-ALK
variants. However, there are several limitations
to this study. First, most studies in the meta-
analysis were restricted to crizotinib treatment.
Hence, the current results may not be generaliz-
able to second- or third-generation therapies.
Second, the limited number of studies and small
sample sizes resulted in insufficient power to
detect differences between EML4-ALK variants
in subgroup analysis or sensitivity analysis.
Third, most patients underwent multiple addi-
tive treatments concurrently. Hence, the main
effect of the EML4-ALK variants may have
been confounded by sequential treatments.

In conclusion, the current study shows the
importance of EML4-ALK variants when con-
sidering the treatment effect of ALK inhibitors.
Although more evidence is urgently needed,

Thorac Med 2022. Vol. 37 No. 3

treatment plans based on an individual’s
EEML4-ALK variants will lead to personalized
medicine in the future.
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Inhaled Nitric Oxide in the Management of Severe
COVID-19 Pneumonia-related Hypoxemic Respiratory
Failure

Jenn-Yu Wu'?, Chien-Ting Pan®, Sheng-Nan Chang*®, Chi-Ying Lin*, Yen-Fu Chen'?,
Chung-Yu Chen'?, Juey-Jen Hwang*®

Previous experience with the 2003 Severe Acute Respiratory Syndrome Coronavirus
(SARS-CoV) infection suggested the potential role of inhaled nitric oxide (NO) as a supportive
measure for patients with respiratory failure. Treatment with inhaled NO reversed pulmonary
hypertension, improved severe hypoxemia, and shortened the length of ventilator support in
severe SARS patients. Inhaled NO can reduce inflammatory cell-mediated lung injury and
lower pulmonary vascular resistance. Clinical use of inhaled NO may become an alternate
treatment before extracorporeal membrane oxygenation for the management of acute
respiratory distress syndrome in patients with COVID-19. Two patients with severe COVID-19
pneumonia-related hypoxemic respiratory failure were intubated with mechanical ventilator
support and were treated with inhaled NO in our hospital. The patients showed improvement
in oxygenation and were weaned successfully from the mechanical ventilator. (Thorac Med

2022; 37: 180-185)
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Introduction

2019-new Coronavirus (2019-nCoV) infec-
tion (COVID-19) is highly contagious and has
caused hundreds of thousands of deaths world-
wide. The clinical presentation of symptomatic
patients ranges from mild upper airway syn-

dromes to severe pneumonia resulting in multi-
organ dysfunction, leading to death [1]. Around
25% of hospitalized patients with COVID-19
required intensive care. Of these, over 60% pro-
gressed to acute respiratory distress syndrome
(ARDS) [2-3].

The previous Severe Acute Respiratory
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Syndrome Coronavirus (SARS-CoV) epidemic
broke out in 2003. Treatment with inhaled nitric
oxide (NO) reversed pulmonary hypertension,
improved severe hypoxemia and shortened
the length of ventilator support, compared to
matched control patients [4]. While no effec-
tive treatment for 2019-nCoV virus infection is
available to date, inhaled NO may have the pos-
sible benefit of antiviral activity against coro-
navirus [5]. The coronavirus responsible for
SARS-CoV shares most of the genome of CO-
VID-19, which suggests the potential effective-
ness of inhaled NO therapy in these patients.

Because of the potential harm from inhaled
NO and the absence of a clear mortality benefit,
the Society of Critical Care Medicine recom-
mends against the routine use of inhaled NO in
patients with COVID-19 ARDS [6]. Gattinoni
L, et al. [7] found that the severe hypoxemia
occurring in the compliant lungs of 16 patients
with COVID-19 pneumonia-related ARDS
resulted from the loss of lung perfusion regula-
tion and hypoxemic vasoconstriction. There are
no studies that describe the utility of pulmonary
vasodilators in severe COVID-19 pneumonia
patients, and no study has assessed the use of
inhaled NO as a possible rescue therapy. Here,
we report the use of inhaled NO as a rescue
therapy in the treatment of severe COVID-19
pneumonia patients with hypoxemic respiratory
failure.

Case Report

We report 2 patients who traveled abroad
together, and came back to Taiwan on 15 March
2020. Patient 1 was a 51-year-old woman with
a medical history of hypertension. She was
found to have fever upon arriving in Taiwan,
and was taken to our hospital for treatment. The

COVID-19 polymerase chain reaction (PCR)
test was positive. Chest radiography (CXR)
revealed increased infiltration and consolida-
tion in the right lung field. However, gradual
deterioration of O, saturation was noticed on
17 March 2020. Follow-up CXR on 18 March
2020 showed progression of bilateral lung in-
filtration. On the same day, elective tracheal
intubation was performed and the patient was
transferred to our ICU.

Patient 2 was the mother of Patient 1. She
was a 74-year-old woman with diabetes melli-
tus and hypertension. Patient 2 was also admit-
ted to our hospital on 15 March 2020 for quar-
antine. Fever was noticed on 16 March 2020,
and CXR showed increased reticular infiltration
in bilateral lungs. The COVID-19 PCR test was
positive. The patient experienced on-and-off
fever during the first week of admission. How-
ever, rapid desaturation was noted on 22 March
2020. Intubation was performed due to hypox-
emic respiratory failure, and she was transferred
to our ICU for further management.

Both patients were considered to be at high
risk of mortality from COVID 19 ARDS, be-
cause of age, obesity (body mass index, Patient
1: 34.89 and Patient 2: 29.96, respectively), and
underlying comorbidities [8]. Lopinavir/ritona-
vir, hydroxychloroquine and azithromycin were
administered to both patients after they were
admitted to our hospital. Empirical anti-bacteri-
al agents were also used, based on the attending
physicians’ clinical judgment.

We used the following strategies for both of
our mechanically-ventilated patients with COV-
ID-19 ARDS: low tidal volume (Vt) ventilation
(Vt 4 to 8 mL/kg of predicted body weight),
targeting plateau pressures (Pplat) of <30 cm
H,0, a higher positive end-expiratory pressure
(PEEP) strategy, a conservative fluid strategy
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over a liberal fluid strategy, and neuromuscu-
lar blocking and sedative agents, to facilitate
protective lung ventilation. Pulmonary static
compliance (Cst) was calculated based on the
following formula: Cst=V/(Pplat-PEEP). In-
haled NO (iNO) was connected to the tubing by
the adaptor, and was delivered at 10 parts per
million (ppm) at initiation. The iNO treatment
was started after we had discussed this with
the family and they agreed to its use. The iNO
dosage was adjusted every 8 hours. iNO was
tapered when the oxygenation level of the pa-
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tients improved to a PaO,/FiO, (P/F) ratio >200
mmHg for more than 24 hours. To monitor the
toxicity of iNO, CXR was performed every day
to evaluate pulmonary edema, and blood met-
hemoglobin levels were checked every 2 days.
Physicians in our ICU followed the weaning
protocols.

The PaO,/FiO, (P/F) ratio of Patient 1 was
below 100 on ICU day 3, which indicated se-
vere ARDS. iNO 10 ppm was administered and
the P/F ratio elevated (Figure 1). The hypox-
emia improved after initiation of iNO, and the
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Fig. 1. Mechanical ventilator settings and change in pulmonary physiology parameters. (A). Parts per million (ppm) of inhaled nitric oxide
(NO); (B). Oxyhemoglobin saturation by pulse oximetry (SpO2); (C). PaO2/FiO2 (P/F) ratio; (D). Positive end-expiratory pressure (PEEP); (E).

Pulmonary static compliance (Cst). (ICU: intensive care unit).
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P/F ratio could be kept above 100. On ICU day
14, the P/F ratio was over 200, and the iNO was
tapered down. Patient 1 was extubated on ICU
day 23. Patient 2 used iNO at the beginning
of mechanical ventilator support because the
initial P/F ratio was below 100. The P/F ratio
could be maintained at 100 to 200 after iNO
treatment was initiated. After 15 days, the iNO
was withdrawn, and extubation of Patient 2 was
performed on ICU day 23. Figure 1 illustrates
the adjustment of the mechanical ventilator set-
ting, and the change in the P/F ratio and static
lung compliance (Cst).

CXR of Patient 1 revealed prominent right
filtration initially, which then progressed to
bilateral lungs 3 days later. CXR showed im-
proved findings after 2 weeks of treatment (ICU
day 14) (Figure 2A). In Patient 2, the initial
CXR revealed no obvious patch. However,
infiltration progressed 7 days after admission.

ICU Day 10

CXR revealed progression of pneumonia on
ICU day 4. After 10 days of medical treatment
and mechanical ventilator support, the CXR
finding was stationary (Figure 2B), but oxygen-
ation had improved.

Discussion

Herein, we described an empirical thera-
peutic use of iNO in 2 patients with severe
COVID-19 pneumonia-related hypoxemic
respiratory failure. Severe hypoxemia occur-
ring in COVID-19 ARDS may be due to a lung
ventilation-perfusion (V/Q) mismatch. iNO
will decrease the intrapulmonary shunt frac-
tion and appear to improve oxygenation. On
the basis of current data, it appears feasible to
consider the use of 10 ppm iNO as an option
for supportive treatment in severe COVID-19
pneumonia patients with hypoxemic respira-

ICU Day 20

ICU Day 1

ICU Day 10

ICU Day 20

Fig. 2. Chest radiography of (A). Patient 1, and (B). Patient 2 during intensive care unit (ICU) stay.
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tory failure. No solid evidence is available to
support the use of iNO to improve the survival
of patients with ARDS. Despite the initial oxy-
genation improvement, iNO does not appear to
shorten the duration of mechanical ventilation.
Both of our patients with severe COVID-19
pneumonia used iNO, and had improvement in
oxygenation. Though the durations of mechani-
cal ventilation were long (23 days, respectively,
for each patient), both patients were weaned
from the mechanical ventilator successfully and
survived.

Besides a lung-protective strategy that in-
corporates low tidal volume ventilation and low
airway plateau pressure (Pplat), higher PEEP
has been used to improve oxygenation in pa-
tients with ARDS. Several studies reported that
early prone positioning reduced mortality in pa-
tients with severe ARDS. A study of 12 patients
with COVID-19-related ARDS suggested that
prone positioning may improve lung recruit-
ability [9]. Prone ventilation for 12 to 16 hours
and recruitment maneuvers are not strongly rec-
ommended for mechanically ventilated adults
with COVID-19 and moderate-to-severe ARDS
[6]. However, neither prone ventilation nor re-
cruitment maneuvers were performed for our
patients. Prone positioning of patients with rela-
tively high compliance may result in less ben-
efit. Besides, a high demand for stressed human
resources may also increase exposure and the
risk of virus infection in health care workers.

iNO may improve oxygenation and pro-
vide a rescue treatment for ARDS patients with
severe hypoxemia [4]. Compared with prone
positioning and ECMO, iNO therapy requires
less loading of medical staff and is less invasive
to patients. Besides, NO has potential anti-viral
and immunomodulatory effects [5, 10]. The
coronavirus responsible for SARS-CoV shares

Thorac Med 2022. Vol. 37 No. 3

most of the genome of COVID-19, indicating
the potential effectiveness of iNO therapy in
these patients. Since there is no solid and ef-
fective treatment for 2019-nCoV virus to date,
iNO may be considered as a possible useful
treatment option for COVID-19-related ARDS
[10].

The treatment course of our 2 patients pro-
vided interesting findings. They had traveled
abroad in the same tour group. They received
similar drug treatment, they used the same ven-
tilator setting and weaning protocols, and both
were provided iNO support. Both of them sur-
vived severe COVID-19 ARDS and benefited
from iNO use, and the ventilation duration was
the same (23 days). Patient 1, the daughter, had
an earlier pneumonia and ARDS onset, about
4 days earlier than Patient 2. This difference in
the disease course may be due to different viral
transmission orders.

In conclusion, treatment with 10 ppm iNO
in patients with severe COVID-19 pneumonia
may improve oxygenation without adverse ef-
fects such as organ function impairment, and
helps to liberate the patients from mechanical
ventilation. As a supportive maneuver, iNO
could decrease the work load of ICU personnel
and lessen the possibility of contamination with
viral infection, compared to prone ventilation or
recruitment. We look forward to seeing the final
results from the NOSARSCOVID trial to evalu-
ate the efficacy of NO gas inhalation for SARS
in COVID-19 (NCT04290871) patients.
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Fig. 3. (A) Hematoxylin and eosin (H&E) stain of left upper lobe lung tissue from the surgical biopsy: A few lightly stained fibroblast plugs filling
airspaces and chronic inflammatory cell infiltration. (B) H&E stain of left upper lobe lung tissue from the surgical biopsy: Variable inflammation

in fibroblast plugs.

(ANA) 1:80 positive, with a homogeneous
nuclear pattern; however, other markers were
unremarkable. Cultures obtained from biopsy
tissue and bronchial washing yielded no growth
of microorganisms.

Corticosteroid therapy with intravenous
methylprednisolone (60 mg/day) was then ad-
ministered. The patient’s serial follow-up chest
radiographs demonstrated rapid improvement,
and then resolution of the bilateral consolida-
tions (Figure 4A, B, C) within 3 weeks there-
after. Afterwards, the dosage of corticosteroid
was tapered gradually, and was switched to
oral prednisolone (30 mg/day) 11 days after
treatment initiation. The dose of oral predniso-
lone was titrated during the months following
the patient’s discharge from the hospital. The
6-month follow-up CT revealed that the bilat-
eral lung parenchymal lesions had resolved,
and the mediastinal lymph nodes had regressed
in size. While the patient was maintained on a
very low dose of prednisolone (5 mg/day), his
chest radiograph findings remained stable at the
one-year follow-up (Figure 4D).

Discussion

OP is a rare lung disorder. A nationwide
retrospective study in Iceland for suspected or
proven OP during the period 1984-2003 re-
vealed that the mean incidence rate of OP was
1.97/100,000 people per year, and the mean age
at diagnosis was 67 (15-87) years [5]. Another
regional study from Minnesota, in the the Unit-
ed States of America, showed an age- and sex-
adjusted incidence rate of 0.85/100,000 people
per year [11]. There is currently no available
data on the incidence rate of OP (cryptogenic
or secondary) in Taiwan, but, we know the inci-
dence rate of idiopathic pulmonary fibrosis (IPF)
in Taiwan was 0.9-1.6/100,000 people per year
[12]. Meanwhile, several registries of interstitial
lung diseases indicated that the incidence rate
of IPF was approximately 3.6~7.6 times more
than that of COP [13]. Thus, we indirectly esti-
mate that the incidence rate of COP in Taiwan
could be less than 0.5/100,000 people per year.

The mean age at onset of OP is 50-60 years,
with no significant sex predominance [5, 6, 8].

Thorac Med 2022. Vol. 37 No. 3
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Fig. 4. Serial chest radiographs of this 78-year-old man showed a rapid response to corticosteroid therapy, with long-lasting effects. (A) On
day 1, a chest radiograph just prior to the corticosteroid therapy showed patchy consolidations with a central distribution in the bilateral hilar
area. (B) After completion of a 7-day course of intravenous methylprednisolone (60 mg/day), the chest radiograph showed rapid improvement.
(C) Three weeks after initiation of corticosteroid therapy, the chest radiograph revealed near complete resolution of bilateral central pulmonary
consolidations. (D) The one-year follow-up chest radiograph showed stable results with low-dose oral prednisolone (5 mg/day) treatment.

Thorac Med 2022. Vol. 37 No. 3
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According to recent data from the population-
based national cancer registration system in
Taiwan, the age-standardized incidence rate
for males during the period 2013-2016 was
44.23/100,000 people per year for lung cancer
(mean age: 68 years) and 8.47/100,000 people
per year for non-Hodgkin lymphoma (mean
age: 62 years), respectively.[14] Thus, the first
tentative diagnosis of pulmonary malignancy,
which was based on chronic cough, weight loss,
and an unusual radiographic pattern, including
consolidations with a central distribution and
enlarged mediastinal lymph nodes, was quite
reasonable for this elderly male patient.

For patients with OP, the classic findings
on chest radiographs are multifocal consoli-
dations in the bilateral and peripheral lungs;
migration or spontaneous regression of the con-
solidations within weeks are seldom noted [6-
7]. On CT scan, bilateral patchy consolidations
with a predominant subpleural or peribronchial
distribution in the middle and lower lung and
ground-glass opacities (GGO), and randomly
distributed small nodular opacities, are the most
common radiographic features of OP [15-17].
Ground-glass attenuation and nodules, which
are usually with a random distribution pattern,
are commonly seen in imaging [15-17]. Reticu-
lation, bronchiectasis, and interlobular septal
thickening are less common findings [16-17].
In our case, chest radiographs showed bilateral
patchy consolidations with a central distribu-
tion, mainly affecting the middle zone of the
lungs. Chest CT revealed peribronchovascular
consolidations of the bilateral central lungs.
Only minimal GGO were noted around the con-
solidations. These lesions persisted for at least 3
weeks without obvious regression or migration
before diagnosis and treatment.

Enlarged mediastinal lymph nodes were

also found on the CT scans of this patient (Figure
2C, D); thus, the differential diagnosis mainly
included lung cancer, lymphoma, sarcoidosis,
and pulmonary tuberculosis. However, the
sample obtained by TBNA showed no evidence
of malignant cells or infection. In addition to
the parenchymal lesions, the mediastinal lymph
nodes also showed a good response to corti-
costeroid therapy thereafter (Figure 2E, F).
Previous studies reported that mildly enlarged
mediastinal lymph nodes (1.0-1.5 cm in size)
associated with parenchymal infiltration were
a common finding on chest CT in patients with
cryptogenic OP [18-19].

Histopathological examination is critical for
OP patients with unusual clinical or radiograph-
ic presentations. To obtain adequate samples
and volumes of lung tissue for histopathologic
diagnosis, surgical lung biopsy using VATS is
preferred over conventional transbronchial bi-
opsy [10]. In recent years, transbronchial lung
cryobiopsy, a new technique, has become an
alternative in selected patients with interstitial
lung disease [20-21]. In our case, the radial-
probe EBUS-guided transbronchial biopsy
yielded inconclusive findings, which might be
due to the small sample size.

The complete review and examinations
showed no obvious cause of secondary OP, so
this case was regarded as COP and was treated
with corticosteroid therapy alone. The patient
showed clinical and radiographic improvements
within weeks and was discharged with oral
prednisolone therapy.

The majority of patients with OP have
a good and rapid response to corticosteroid
therapy, although relapse or recurrence is also
common, especially while tapering the dose
of corticosteroid or after cessation of cortico-
steroid therapy [6, 10, 22]. Nevertheless, the

Thorac Med 2022. Vol. 37 No. 3
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prognosis of patients with clinical relapses or
recurrences seems to be the same as for those
without relapse or recurrence [10, 22]. The ideal
duration of corticosteroid therapy has not been
established, but one year is often suggested [10,
22]. Several previous studies have tried to iden-
tify the potential predictive factors for relapse
of COP, such as an elevated serum KL-6 level
[23], a high neutrophil percentage in the bron-
choalveolar lavage (BAL) fluid and the amount
of fibrin deposition in lung biopsy specimens
[24], and a particular CT scan pattern (bilateral
shadow pattern, traction bronchiectasis) [25].
However, further studies with more cases are
needed to confirm these findings. In addition,
if the patient with OP had poor responses to
systemic corticosteroid therapy, some immu-
nosuppressive and anti-inflammatory agents,
such as macrolides, cyclophosphamide, and
cyclosporine, seem to be effective when used as
adjuvant therapy [26].

A large retrospective study of biopsy-
proven OP in a single center in China revealed
that about 15% of OP cases that were initially
identified as COP were subsequently found to
be secondary OP during the follow-up; thus,
long-term follow-up is essential to exclude sec-
ondary etiologies [27]. To date, this case has
been followed for approximately 1 year after
confirming the diagnosis of OP, and the serial
chest images showed a sustained response even
when the dose of oral prednisolone was tapered
to 5 mg/day.

As OP usually presents with non-specific
symptoms, it could be difficult to distinguish
OP from other diagnoses such as neoplasm,
fungal infection, or pulmonary tuberculosis [2],
particularly when the radiographic features are
not typical. Clinicians should be alert if the di-
agnosis cannot be made straightforwardly, and

Thorac Med 2022. Vol. 37 No. 3

surgical biopsy may be indicated to determine
the final diagnosis.
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