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Abstract

Objective: This study aimed to investigate the effectiveness of doxofylline as
an adjuvant in reducing severe exacerbation for different clinical subtypes of
chronic obstructive pulmonary disease (COPD).

Methods: The clinical trial was an open-label non-randomized clinical trial
that enrolled patients with COPD. The patients were divided into two groups
(doxofylline group[DG] and non-doxofylline group[NDG]) according to
whether the adjuvant was used. Based on the proportion of inflammatory cells
present, the patients were divided into neutrophilic, eosinophilic, and mixed
granulocytic subtypes. The rates of severe acute exacerbation, use of glucocor-
ticoids, and clinical symptoms were followed up in the first month, the third
month, and the sixth month after discharge.

Results: A total of 155 participants were included in the study. The average age
of the participants was 71.2 + 10.1 years, 52.3% of the patients were male, and
29.7% of the participants had extremely severe cases of COPD. In the third
month after discharge the numbers of patients exhibiting severe exacerbation
among the neutrophilic subtype were 5 (6.6%) in the DG versus 17 (22.4%) in
the NDG (incidence rate ratio[IRR] = 0.4 [95% CI: 0.2-0.9] P = 0.024). In the
sixth month after discharge, the numbers were 3 (3.9%) versus 13 (17.1%; IRR =
0.3 [95%; CI: 0.1-0.9], P = 0.045), and those for the eosinophilic subtype were 0
(0.0%) versus 4 (14.8%), P = 0.02. In the eosinophilic subtype, the results for
forced expiratory volume in the first second and maximal mid-expiratory flow
were significantly higher in the DG. The mean neutrophil and eosinophil levels
were significantly lower than in the NDG among the neutrophilic subtype, and
the neutrophil percentage was lower than in the NDG among the eosinophilic
subtype. At the six-month follow-up, the dose adjustment rates of the neutro-
philic and eosinophilic subtypes showed a significant difference (P< 0.05).
Conclusions: As an adjuvant drug, doxofylline has a good therapeutic effect
on patients with the neutrophilic and eosinophilic clinical subtypes of COPD.
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1 | INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a com-
mon and high-incidence disease affecting the respiratory
system. At present, the prevalence rate of COPD among
people over 40 years old in China is 13.7%," equating to
about 100 million patients. The overall disease burden of
COPD is ranked third among acute and chronic diseases,
meaning that it represents a heavy burden to the social
economy and public health globally.” From continuous
in-depth research and developments in precision medi-
cines, it has been realized that there are individual differ-
ences among patients with COPD in terms of, for
example, susceptibility levels, exacerbation numbers, and
lung function decline rates. In the past, pulmonary func-
tion was the core concern in the diagnosis and treatment
of COPD; however, recent studies have found that forced
expiratory volume in the first second (FEV;) alone can-
not objectively reflect the complexity and heterogeneity
of COPD.** The subtypes of COPD describe the disease
attributes (single or multiple) among individual differ-
ences in patients, which are closely related to clinical
prognosis (symptoms, acute exacerbation, response to
treatment, disease progression rate, or time until
death).>® It is therefore suggested that subtypes should
be taken into account to maximize the risk/benefit ratio
of COPD treatment.

Bronchodilators and corticosteroids are the primary
drugs used for the treatment of COPD at the acute exac-
erbation and stable stages, and they can be used indepen-
dently or in combination. However, some patients have
low sensitivity to corticosteroid therapy, meaning that
using high doses can lead to decreased sensitivity and
adverse reactions such as pneumonia and osteoporosis.”

Theophylline has been used in the treatment of
COPD and asthma since 1937; however, because of the
narrow safety treatment window, the GOLD Manage-
ment Strategy guidelines recommended that it should
only be used in patients who do not benefit from other
bronchodilators and cannot afford treatment.® Doxofyl-
line is a new derivative of methylxanthine: Its pharmaco-
logical effect is so different from theophylline that it

It can reduce the incidence of severe exacerbation, the use of glucocorticoids,
and inflammatory reactions in the long term (when used for a minimum of 3

COPD, different clinical subtypes, dose adjustment rate of glucocorticoid, doxofylline, severe

cannot simply be regarded as modified theophylline.
It has no significant effect on any known phosphodiester-
ase isotype, no significant antagonistic effect on the aden-
osine receptors, and no direct effect on histone
deacetylase, and it interacts with the p,-adrenoceptor.”"'
At the same time, combining it with corticosteroids can
increase sensitivity and reverse the corticosteroids’ drug
resistance.'” In the current context of the disease burden
of COPD in China, doxofylline treatments are still widely
used. However, at present, there is insufficient evidence
regarding the effectiveness of doxofylline as an adjuvant
on the deterioration, hospitalization rate, symptom
improvement, and prognosis of different clinical subtypes
of COPD. There are some studies in China, but the
results are different from those in other countries, and
the results are controversial. It is not yet clear whether
doxofylline can be used as an adjuvant to the standard
treatment of COPD, and there is a lack of domestic data
on the clinical and economic benefits for patients who
are unable to obtain adequate control from other phar-
macological categories and have difficulty using medicine
that must be inhaled.

The objective of this study was to compare the effec-
tiveness of doxofylline in reducing severe acute exacerba-
tion and improving long-term prognosis in different
clinical subtypes of COPD and to explore whether it can
be used as an adjuvant for standard COPD treatments.
Positive findings would indicate clinical and economic
benefits for patients who cannot get enough control from
other treatment options and find it difficult to use
inhaled medicine and would provide a reference basis for
the control of treatment drugs in the stable phase
of COPD.

2 | METHODS

2.1 | Study design and oversight

G * Power was used to estimate the sample size, effect
size f=1, a=005 1-— p=08. The estimated
required sample size is 73, the lost rate was 5%, and the
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final sample size is 76. A total of 155 samples met the
inclusion and exclusion criteria, and the sample size will
continue to increase in the follow-up study.

This clinical trial was an open-label non-randomized
clinical trial that enrolled patients with acute exacerba-
tion of COPD in the Department of Respiratory and
Critical Diseases at the Central Hospital Affiliated to
Shenyang Medical College between September 13, 2019,
and July 31, 2020. The final follow-up ended on January
31, 2021. The study comprised a 1-week drug adaptation
period followed by a treatment phase. The patients were
divided into two groups (doxofylline group [DG]:
n = 68; non-doxofylline group [NDG]: n = 87) accord-
ing to whether doxofylline was used in the treatment
plan. After discharge, the DG continued to take doxofyl-
line sustained-release tablets (0.2 g bid, oral for
6 months) alongside inhaled drugs, whereas the NDG
only used inhaled drugs. Adherence was assessed by
counting the remaining pills at drug returns at the first-
, third-, and sixth-month follow-ups. Baseline data were
collected by face-to-face assessments conducted within
72 h of admission. The members of the research group,
who each received the same rigorous training, were
responsible for the follow-ups with chronic disease man-
agement. The follow-ups, including medication return
and dispensing of new medication, were carried out at
the dates of the first, third, and sixth months after
discharge.

This study was conducted in line with the Helsinki
Statement and approved by the Ethics Committee of
Shenyang Medical College Hospital. All patients provided
written informed consent before undertaking the study.

2.2 | Participants

The inclusion criteria for participants were as follows:
(1) aged 40-85 with a predominant respiratory diagno-
sis of COPD (FEV,/forced vital capacity [FVC] ratio of
<0.7); (2) able to cooperate to complete the post-
bronchodilator spirometry; (3) able to understand and
independently complete the COPD Assessment Test
(CAT), the modified Medical Research Council
(mMRC) Questionnaire, and related questionnaires
after explanation by the investigators; and (4) willing
to voluntarily participate in the study and sign the
informed consent form. The exclusion criteria were as
follows: (1) participating in other clinical studies;
(2) chronic or acute respiratory diseases other than
COPD, such as active pulmonary tuberculosis, lung
tumor, interstitial pneumonia, and pleural effusion;
(3) suffering from primary cardiovascular disease or
severe liver, kidney, cerebrovascular, or hematological
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diseases; (4) suffering from a malignant tumor;
(5) unclear consciousness, mental disorder, or neuro-
logical history and physical activity disorder; (6) allergic
to doxofylline or xanthine derivatives; and (7) unwilling
to cooperate, found it difficult to fill out the question-
naire, or unable to communicate at all. The with-
drawal criteria were as follows: (1) failed to take
medicine regularly as required; (2) serious adverse
events occurred and patient should not continue to
undergo the trial; and (3) subject asked to withdraw.

2.3 | Clinical subtypes

The DG and the NDG were each divided into three clinical
subtypes according to the type of internal inflammation:
neutrophilic (neutrophil > 61%, eosinophil < 2%), eosino-
philic (eosinophil > 2%, neutrophil < 61%), and mixed
granulocytic (eosinophils > 2% + neutrophils > 61%/
eosinophils < 2% -+ neutrophils < 61%).

24 | Outcomes

The primary outcome was the number of participant-
reported severe exacerbations requiring hospital admis-
sion during the 6-month treatment period. In addition to
exacerbation data, the following secondary outcomes
were collected: dose adjustment rate of inhaled drugs
containing glucocorticoid; adverse events; clinical symp-
toms; COPD-related health status (CAT scale, <5 being
the norm for healthy nonsmokers and >30 indicating a
very high effect of COPD on quality of life)'*>; mMRC
dyspnea score (range: 0 [not troubled by breathlessness
except on strenuous exercise] to 4 [too breathless to
leave the house or breathless when dressing or undres-
sing])**; inflammatory cells in serum (leukocyte, neutro-
phil percentage, lymphocyte percentage, eosinophil
percentage); and changes in post-bronchodilator spirom-
etry. For all of these outcomes, the stable stage was com-
pared with the sixth month after discharge. The
classification for COPD severity was based on GOLD
criteria.

2.5 | Statistical methods

The analysis was carried out according to the
intention-to-treat principle. A per-protocol analysis,
excluding participants classed as non-adherent (<80%
of doses taken), was performed to measure sensitivity.
The primary clinical outcomes of the number of
COPD exacerbations for each subgroup were compared
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Participants screened {n=306)
acute exacerbation of COPD in the D epartment of
Respiratory and critical Diseases, affiliated Central
Hospital of Shenyang Medical College between
September 13, 2019, and July 31, 2020. Final

FIGURE 1
participation flow chart.
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Completed follow-up (n=155)

using a negative binomial model with an appropriate
dispersion parameter to adjust for inter-participant var-
iability. Estimates were adjusted for baseline covariates
known to be related to outcome: age, smoking index,
GOLD stage, number of exacerbations in the previous
1 year, body mass index, and baseline treatment for
COPD. The subgroup analyses were undertaken by
adding a treatment x variable interaction term to the
model using the primary outcome. Analysis was per-
formed using SPSS version 26.0. The clinical subtypes

data of the DG and NDG were analyzed with mean
+ SD (normal distribution) or median/interquartile (n,
%), tested with the chi-square test. The data with
irregular variance and non-normally distributed
detailed range (non-normal distribution) were tested
by Mann-Whitney U and Kruskal-Wallis. Counting
data were described by ratio or composition ratio,
tested with the Mann-Whitney U or the Kruskal-
Wallis test. A 5% two-sided significance level was used
throughout.
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TABLE 1 Baseline characteristics of participants to doxophylline group and non-doxophylline group.

Non-doxophylline group Doxophylline group

Parameters (n=87) (n = 68) Total P value
Gender (n, %) 0.881
Male 45 (51.7%) 36 (52.9%) 81 (52.3%)
Female 42 (48.3%) 32 (47.1%) 74 (47.7%)
Age (year)® 72.5+9.3 69.5 + 10.3 712+ 101  0.073
BMI (kg/m?)° 22.5 22.8 22.6 0.215
Smoking (1, %) 45 (51.7%) 42 (61.8%) 87(56.1%)  0.211
Age of smoking 28.0 26.5 27.0 0.895
Smoking index” 700.0 600.0 600.0 0.149
Length of diagnosis® 8.0 9.0 8.0 0.899
Exacerbations in last 1 year 0.8 +0.7 0.8 +1.7 08 +1.2 0.887
Comorbidities (n, %)
Hypertension/coronary heart disease 62 (71.3%) 46 (67.6%) 108 (69.7%)  0.627
Cor pulmonale 6 (6.9%) 5(7.4%) 11 (7.1%) 0.913
Digestive system diseases 10 (11.5%) 8 (11.8%) 18 (11.6%) 0.958
Diabetes 15 (17.2%) 11 (16.2%) 26 (16.8%)  0.860
Cerebrovascular diseases 9 (10.3%) 6 (8.8%) 15 (9.7%) 0.751
GOLD stage (n, %)
Level 1 2 (2.3%) 2 (2.9%) 4 (2.6%)
Level 2 23 (26.4%) 14 (20.6%) 37(23.9%)  0.371
Level 3 41 (47.1%) 27 (39.1%) 68 (43.9%)
Level 4 21 (24.1%) 25 (36.8%) 46 (29.7%)
FEV1% predictedh 41.0 36.0 38.0 0.091
MEF%° 29.0 27.0 27.0 0.075

mMRC dyspnea score (1, %)

1: Breathless hurrying 2(2.3%) 2 (2.9%) 4(2.6%) 0.627

2: Slower than contemporaries 19 (21.8%) 15 (22.1%) 34 (21.9%)

3: Stop after 100 m 44 (50.6%) 28 (41.2%) 72 (46.5%)

4: Breathless leaving house 22 (25.3%) 23 (33.8%) 45 (29.0%)
COPD assessment test scole (CAT) 225+ 28 227+ 2.6 22.6 + 2.7 0.615
GOLD treatment (n, %)

LAMA only 16 (18.4%) 14 (20.6%) 30(19.4%)  0.114

LAMA + ICS 38 (43.7%) 32 (47.1%) 70 (452%)  0.089

LABA + ICS 13 (14.9%) 8 (11.8%) 21 (13.5%) 0916

LAMA + LABA + ICS 20 (23.0%) 14 (20.6%) 34(21.9%)  0.181
Leukocyte® (1079/L) 8.6 +3.8 84 +32 8.5+ 35 0.984
Neutrophil percentage® (%) 69.7 67.7 68.5 0.580
Lymphocyte percentage® (%) 20.2 20.5 20.2 0.892
Eosinophil percentage® (%) 2.2 1.5 1.5 0.445
Clinical phenotypes (n, %) 0.346

Neutrophilic 43 (49.4%) 33 (48.5%) 76 (49.0%)

Eosinophilic 12 (13.8%) 15 (22.1%) 27 (17.4%)

Mixed granulocytic 32 (36.8%) 20 (29.4%) 52 (33.5%)

(Continues)
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TABLE 1 (Continued)
Non-doxophylline group Doxophylline group
Parameters (n=87) (n = 68) Total P value
Combined with rheumatological conditions (n, %) 0 (0.0%) 0 (0.0%) 0 (0.0%) >0.999
Mandated use of corticosteroids or recently 0 (0.0%) 0 (0.0%) 0 (0.0%) >0.999
corticosteroids used
Note: Counting data are expressed in frequency and percentage (n, %).
“Mean + SD.
"Median (interquartile range).
TABLE 2 Outcomes for participants to doxophylline group and non-doxophylline group, per-protocol population.
Doxophylline group  Non-doxophylline group  Rate ratio
Parameters (n = 68) (n=87) (95% CI) P value
Number of moderate or severe exacerbations (n, %)
1 month 5(3.2%) 6 (3.9%) 1.0(0.3-3.4) 0913
3 months 17 (11.0%) 24 (15.5%) 0.9 (0.5-1.5)  0.717
6 months 6 (3.9%) 23 (14.8%) 0.3(0.1-0.7)  0.005
Time of moderate or severe exacerbations (1, %)
1 month 0.1+0.3 01+0.3 0.1+0.3 0.913
3 months 0.3+04 0.3 + 0.5 0.3+04 0.718
6 months 0.1+04 0.3 + 0.6 0.2+0.5 0.006
Total time 04 +0.5 0.7 +£ 0.6 0.6 + 0.6 0.215
FEV,% predicted 44.5 46.0 46.0 0.508
MEF% 33.0 34.0 34.0 0.634
Leukocyte (10"9/L)-6 months 7.0 + 2.6 7.5+24 7.2 + 2.5 0.143
Neutrophil percentage (%)-6 months 62.2 65.8" 63.7 0.002
Lymphocyte percentage (%)-6 months 21.1 234 21.9 0.375
Eosinophil percentage (%)-6 months 1.5 23 1.8 0.063
Adverse events rate (n, %) 0.628
Acid regurgitation 2 (2.9%) 0 (0.0%)
Palpitation 3(5.9%) 0 (0.0%)

“There was a clinically significant difference between DG and NDG.

3 | RESULTS

3.1 | Participant characteristics
A total of 172 participants were included: 82 in the DG
and 90 in the NDG. During the 1-week drug adaptation
and follow-up period, there were 17 further exclusions
because of adverse reactions (n = 5), withdrawal from
the study (n =4), low compliance (n = 3), or loss to
follow-up (n = 5). A final total of 155 patients completed
the study: 68 to the DG and 87 to the NDG. Participant
involvement in the trial is outlined in Figure 1.

There were no clinically significant differences in
baseline data characteristics between the DG and the
NDG (Table 1). The mean age of the participants was

70.8 + 10.8 years, 52.3% were male, the mean BMI
was 22.6 kg/m?, and 56.1% were smokers. The mean age
of smoking was 27.0 years, and the smoking index was
600. The mean length of diagnosis was 8 years. The most
common complications were hypertension/coronary
heart disease (69.7%), diabetes (16.8%), digestive system
diseases (11.6%), cerebrovascular diseases (9.7%), and cor
pulmonale (7.1%). According to FEV, testing, the highest
proportion of participants (38.0%) had severe COPD: In
total, 29.7% had very severe COPD, 67.8% moderate to
severe, and 2.6% mild. The CAT scores indicated that
COPD was severely affecting participants’ lives (mean
[SD] = 22.6 & 2.7). In terms of treatments, 81.6% of par-
ticipants were using combination therapies of long-acting
muscarinic antagonists + ICS, long-acting p2-agonists
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FIGURE 2 The outcomes for the Doxofylline group
participants in the doxofylline group
(DG) and the non-doxofylline group =N Non-doxofylline group
(NDG).
301 P>0.05 P=0.005
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TABLE 3 Outcomes for participants to doxophylline group and non-doxophylline group, clinical phenotypes, per-protocol population.

Neutrophilic Eosinophilic Mixed granulocytic
Non- Non- Non-
Primary Doxophylline  doxophylline Doxophylline  doxophylline Doxophylline  doxophylline
outcomes group group group group group group
Number of severe
exacerbations
(n, %)
1 month after 3(3.9%) 3(3.9%) 0 (0.0%) 0 (0.0%) 2 (3.8%) 3(5.8%)
discharge
Incidence rate ratio 1.3 (0.3-6.0) - 1.1 (0.2-5.8)
(95% CI)
Pvalue 0.529 - 0.941
3 months after 5(6.6%) 17 (22.4%)* 5(18.5%) 1(3.7%) 7 (13.5%) 6 (11.5%)
discharge
Incidence rate ratio 0.4 (0.2-0.9) 4.00 (0.54-29.81) 1.9 (0.7-4.8)
(95% CI)
Pvalue 0.024 0.182 0.188
6 months after 3 (3.9%) 13 (17.1%) 0 (0.0%) 4 (14.8%)* 3 (5.8%) 6 (11.5%)
discharge
Incidence rate ratio 0.3 (0.1-0.9) 1.5(1.0-2.2) 0.8 (0.2-2.8)
(95% CI)
P value 0.045 0.028 0.728

“There was a clinically significant difference between DG and NDG.

+ ICS, or long-acting muscarinic antagonists + long- percentages of neutrophil, lymphocytes, and eosinophil
acting p2-agonists + ICS. The mean leukocyte level of  were 68.5%, 20.2%, and 1.5%, respectively. The partici-
the participants was 8.5 + 3.5 x 10M9/L, and the mean  pants were divided into three clinical subtypes according
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TABLE 4 Outcomes for participants to doxophylline group and non-doxophylline group, clinical phenotypes, per-protocol population.

Neutrophilic Eosinophilic Mixed granulocytic
Non- Non- Non-
Doxophylline doxophylline Doxophylline doxophylline Doxophylline doxophylline P
Secondary outcomes group group group group group group value
Time of severe
exacerbations (1, %)
1 month 0.1 +0.3 0.1+0.3 0.0 £ 0.0 0.0 +0.0 0.1+0.3 0.1 +0.3 0.738
3 months 0.1+04 0.4 +0.5 0.3 +£0.5 0.1+0.3 0.4 +0.5 0.2+04 0.075
6 months 0.1+0.3 04 + 0.6 0.0 £ 0.0 04 +0.7 0.2+0.5 0.2 + 0.5 0.05
Total time 0.3 +0.5 0.9 + 0.6" 0.3 +£0.5 0.5 + 0.7* 0.7 + 0.6 0.5+0.6 0.001
FEV,% predicted 41.0 46.0 55.0 46.5 46.0 46.0 0.304
MEF% 28.0 34.0 45.0 34.0 35.5 36.0 0.321
Leukocyte (10"9/L)- 7.6+29 79+28 6.1 +2.0 71 +22 6.4+ 2.0 73 +20 0.148
6 months
Neutrophil percentage 62.9 66.8% 55.1 60.9% 63.7 65.6 <0.001
(%)
Lymphocyte percentage  18.2 23.1% 28.1 25.7* 20.1 23.7 0.027
(%)
Eosinophil percentage 1.0 1.8% 4.2 4.6 1.4 2.7% <0.001

(%)

“There was a clinically significant difference between DG and NDG.

Eosinophilic subtype

50~
40-
301 V7
20- v
' e
|z O7777 vrmpem
1st month 3rd month 6th month

to the proportion of inflammatory cells present: neutro-
philic (49.0%), eosinophilic (17.4%), and mixed granulo-
cytic (33.5%). The participants’ baseline information is
presented in Table 1.

3.2 | Outcomes for different clinical
subtypes in doxofylline group and non-
doxofylline group, per-protocol population

Primary outcome (severe exacerbation) data for all
6 months of follow-up were available for all 155 partici-
pants (68 in the DG; 87 in the NDG) (Table 2). In total,

BEZ  doxophylline group

Non-doxofylline group

FIGURE 3 The incidence rates of
exacerbations for each clinical subtype
at the first, third, and sixth months
compared with the baseline.

Neutrophilic subtype

Ez8  doxophylline group
Non-doxofylline group

Mixed-granulocytic subtype

E=  doxophylline group

non-doxofylline group

there were 81 exacerbations: 28 in the DG and 53 in the
NDG. In the DG, 11 of the exacerbations were in the neu-
trophilic subtype, five in the eosinophilic, and 12 in the
mixed granulocytic. In the NDG, 33 were neutrophilic,
five were eosinophilic, and 15 were mixed granulocytic.
There was no significant difference between the numbers
of acute exacerbations for the neutrophilic, eosinophilic,
or mixed granulocytic subtypes in the first month after
discharge. In the third month after discharge, there was a
clinically significant difference (P = 0.024) in the neutro-
philic subtype, with five exacerbations in the DG (6.6%)
compared with 17 (22.4%) in the NDG (incidence rate
ratio [IRR] = 0.4; 95% CI: 0.2-0.9), but there were no
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TABLE 5
group.

Dose adjustment rate (n, %)

Doxophylline group (n = 54)

The dose adjustment rate of inhaled drugs containing glucocorticoid between doxophylline group and non-doxophylline

Non-doxophylline group (n = 71) Total P value

1st month Reduced 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.722
Increased 4 (3.2%) 6 (4.8%) 10 (8.0%)
3rd months Reduced 16 (12.8%) 24 (15.2%) 35 (28.0%) 0.921
Increased 14 (11.2%) 21 (16.8%) 35 (28.0%)
6th months Reduced 25 (20.0%) 20 (16.0%) 45 (36.0%) 0.037
Increased 6 (4.8%) 19 (15.2%) 25 (20.0%)
TABLE 6 The dose adjustment rate of inhaled drugs containing glucocorticoid of clinical phenotypes.
Neutrophilic Eosinophilic Mixed granulocytic
Non- Non- Non-
Dose adjustment rate  Doxophylline  doxophylline Doxophylline  doxophylline Doxophylline  doxophylline
(n,%) group group group group group group
Istmonth  Reduced 0 (0.0%) 0 (0.0%) 1(4.8%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Increased 2(3.3%) 3(5.0%) 0(0.0%) 0 (0.0%) 2 (4.5%) 3(6.8%)
P Value 0.990 0.476 0.990
3rd Reduced 10 (16.7%) 7 (11.7%) 1(4.8%) 8 (38.1%) 5(11.4%) 7 (15.9%)
months  pereaced  2(3.3%) 17 (28.3%) 4 (40.0%) 1(9.1%) 7 (15.9%) 4(9.1%)
P Value 0.003 0.016 0.170
6th Reduced 13 (21.7%) 6 (10.0%) 7 (33.3%) 1(4.8%) 5(11.4%) 10 (22.7%)
months  pereased 3 (5.0%) 9 (15.0%) 0 (0.0%) 4 (19.0%) 3 (6.8%) 6 (13.6%)
Pvalue 0.016 0.007 0.572

significant differences in the eosinophilic and mixed
granulocytic subtypes. In the sixth month after discharge,
there were clinically significant differences in the neutro-
philic subtype (P = 0.045) (three exacerbations in the DG
[3.9%] compared with 13 [17.1%] in the NDG; IRR = 0.3
[95% CI: 0.1-0.9]) and the eosinophilic subtype
(P = 0.028) (0 exacerbations in the DG [0.0%] compared
with four [14.8%] in the NDG), and there was no signifi-
cant difference in the mixed granulocytic subtype. In
addition, there was no statistical difference in the inci-
dence of adverse events. The outcomes for the partici-
pants in the DG and the NDG are presented in Table 2
and Figure 2.

For the secondary outcomes of FEV,, CAT score,
mMRC dyspnea score, and adverse events (COPD-related
and overall), there were no significant differences
between the DG and the NDG for the three clinical sub-
types. In the sixth month after discharge, results for
inflammatory cells in the serum and post-bronchodilator
spirometry were collected and compared with the stable
stage. For the eosinophilic subtype, the FEV; and maxi-
mal mid-expiratory flow (MEF) levels in the DG were sig-
nificantly higher than those in the NDG (55.0% vs. 46.5%;

45.0% vs. 34.0%; P > 0.05), but the difference was not sta-
tistically significant. The mean neutrophil percentages
were significantly different in the neutrophilic subtype
(62.9% vs. 66.8%; P = 0.023) and the eosinophilic sub-
type (55.1% vs. 60.9%; P = 0.017), and the eosinophil per-
centages were significantly different in the neutrophilic
subtype (1.0% vs. 1.8%; P = 0.009). The incidence rates of
exacerbations for each clinical subtype at the first, third,
and sixth months compared with the baseline are pre-
sented in Tables 3 and 4 and Figure 3.

3.3 | Dose adjustment rate of inhaled
drugs containing glucocorticoid

One hundred twenty-five participants were treated with
inhaled drugs containing glucocorticoid during the
6 months of follow-up, comprising 54 participants in the
DG and 71 in the NDG, and there was no significant dif-
ference in use of these drugs between the two groups
(P > 0.05). During the follow-up period, 42 patients in
the DG reduced their dose of inhaled corticosteroids
because the disease was well controlled or stable, and
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24 patients increased their dose because of disease aggra-
vation. In the NDG, 39 patients reduced their dose of
inhaled corticosteroids, whereas 46 increased their dose.
However, in the first and third months, there were no sig-
nificant differences in the dose adjustment rate of inhaled
drugs containing corticosteroids between the two groups
(P> 0.05). In the sixth month, 25 patients in the DG
reported reduced frequency of inhaled glucocorticoid,
whereas six participants had increased use. In the NDG,
20 participants had reduced and 19 participants had
increased the frequency of their use of inhaled glucocorti-
coid. The difference between the two groups was statisti-
cally significant (P = 0.033). The dose adjustment rates of
inhaled drugs containing glucocorticoid for the DG and
the NDG are presented in Table 5.

For the neutrophilic subtype, 25 participants in the
DG and 35 in the NDG were treated with inhaled drugs
containing glucocorticoids. There was no significant dif-
ference in the dose adjustment rate between the two
groups in the first month (P > 0.05). In the third month,
10 participants had reduced and two had increased their
dose in the DG, whereas in the NDG, seven participants
had reduced and 17 had increased their dose. There was
thus a significant difference between the two groups
(P = 0.003). In the sixth month, in the DG, 13 participants
had reduced and three had increased their dose, whereas
in the NDG, six participants had reduced and nine had
increased their dose, representing a significant difference
between the two groups (P = 0.016).

For the eosinophilic subtype, 10 participants in the
DG and 11 in the NDG were treated with inhaled drugs
containing glucocorticoids. There was no significant dif-
ference in the dose adjustment rate between the two
groups in the first- or third-month follow-ups (P > 0.05).
In the sixth month, seven participants had reduced and
0 had increased their dose in the DG, whereas in the
NDG, one participant had reduced and four had
increased their dose. There was thus a significant differ-
ence between the two groups (P = 0.007).

For the mixed granulocytic subtype, 18 participants in
the DG and 26 in the NDG were treated with inhaled
drugs containing glucocorticoids. However, there were
no significant differences in the dose adjustment rate
among this subtype during the 6-month follow-up period
(P > 0.05). The rates of dose adjustment of inhaled drugs
containing glucocorticoid for each of the clinical pheno-
types are presented in Table 6.

4 | DISCUSSION

The occurrence of COPD is determined by both environ-
mental and genetic factors, and it is closely related to

chronic inflammation, oxidative stress, imbalance of pro-
tease and antiprotease, apoptosis, and so on. The patho-
genesis and pathological changes of the condition are
complex and heterogeneous.'> Acute aggravated hospital-
ization and stable long-term maintenance treatment are
the main sources of medical burden, and efficacy, safety,
individualization, and high drug prices are the urgent
problems to be solved in the treatment of COPD.

In this prospective cohort study, patients with the
clinical subtypes of neutrophilic and eosinophilic COPD
who were treated with doxofylline in addition to an
inhaled bronchodilator were found to be less likely to
have severe exacerbations than patients treated with the
inhaled bronchodilator only. Graham Devereux previ-
ously found that patients with bronchial asthma experi-
enced the greatest benefit after using doxofylline for
6 weeks, whereas patients with COPD observed the great-
est benefit from the eighth week.'®

Among the neutrophilic subtype, the mean number
of patients with exacerbations was lower in the DG than
in the NDG in the third month after discharge (6.6%
vs. 22.4%), showing a 15.8% reduction in the risk of severe
exacerbations. In the sixth month after discharge, a 13.2%
reduction was seen (3.9% vs. 17.1%). Among the eosino-
philic subtype, the mean number of patients with exacer-
bations was lower in the DG than in the NDG in the
sixth month after discharge (0.0% vs. 14.8%), showing a
14.8% reduction in the risk of severe exacerbations.
According to the current trial, theophylline can reduce
the number of severe COPD exacerbations requiring hos-
pital admission, with the most benefit being evident in
the subgroup of those patients frequently hospitalized
with COPD."” This differs from the results of a study pub-
lished in 2019."® It is unknown whether this may be
because of the use of a low-dose treatment.

COPD is a condition involving chronic inflammation
of the airway that always occurs repeatedly and develops
progressively, resulting in the remodeling of the airway
structure and the destruction of the alveolar structure. It
has been found that the main airway cells involved in the
inflammation include activated neutrophils, macro-
phages, eosinophils, and lymphocytes.'® Of these, the
levels of neutrophils and eosinophils are closely related
to acute exacerbation and deterioration of COPD.***" As
one of the most important phenotypes of COPD, the
inflammatory phenotype is advantageous for assessing
acute exacerbation of COPD and evaluating prognosis.
The inflammatory response is closely related to inflam-
matory markers, which can be expressed more accu-
rately. In this study, the mean levels of neutrophils and
eosinophils were significantly lower in the DG than in
the NDG (62.9% vs. 66.8% and 1.0% vs. 1.8%, respectively)
in the neutrophilic clinical subtype, and the neutrophil
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level was significantly lower in the DG than in the NDG
(55.1% vs. 60.9%) in the eosinophilic subtype. These find-
ings are similar to the results presented by Page and
Culpitt.zz’23 In contrast, for the mixed granulocytic clini-
cal subtype, there were no significant differences between
inflammation cell percentages. Our results support that
doxofylline can reduce acute aggravation and deteriora-
tion of neutrophilic and eosinophilic clinical subtypes
and reduce airway inflammation. Other researchers using
doxofylline in the treatment of COPD have found that it
can increase the release of IL-10 and exhibit an anti-
inflammatory and immunomodulatory effect, inhibit the
release of inflammatory mediators by mast cells and the
oxygen reactive of neutrophils,** inhibit the translocation
of proinflammatory transcription factor nuclear factor B
(NF-kB) into the nucleus and reduce the expression of
inflammatory genes,” and promote the apoptosis of neu-
trophils in vitro by reducing the anti-apoptotic protein
Bcl-2.%° Doxofylline can decrease the recruitment of air-
way inflammatory cells and the release of inflammatory
mediators; reduce leukocytes, neutrophils, and eosino-
phils in a variety of ways; and reduce airway inflamma-
tion and hyperresponsiveness in patients with COPD. In
a study by Rajanandh and a pharmacological trial
in Italy, the use of corticosteroids was shown to be lower
in patients who took doxofylline as part of their respira-
tory disease treatments than those who did not.*”**

In the current study, 125 of the participants were trea-
ted with inhaled drugs containing glucocorticoid during
the 6-month follow-up period. In the sixth month, there
was a significant difference between the dose adjustment
rates of inhaled drugs containing glucocorticoid for the
DG and the NDG (20.0% vs. 16.0% reduced, 4.8%
vs. 15.2% increased; P = 0.033). In the third month after
discharge, there was a significant difference in the adjust-
ment rates among the neutrophilic subtype (16.7%
vs. 11.7% reduced, 3.3% vs. 28.3% increased; P = 0.019).
In the sixth month, the drug dose adjustment rates were
21.7% vs. 10.0% reduced and 5.0% vs. 15.0% increased
(P = 0.016). For the eosinophilic subtype, there was also
a significant difference in the sixth month (33.3% vs. 4.8%
reduced, 0.0% vs. 19.0% increased; P = 0.019). However,
there were no significant differences in dose adjustment
rates for the mixed granulocytic clinical subtype during
the 6-month follow-up period (P > 0.05). The rate of
increasing drug dose in the DG was significantly lower
than that in the NDG. This shows that the reported doses
of inhaled drugs containing glucocorticoid for the neutro-
phil and eosinophil subtypes were significantly lower in
the DG than that in the NDG, which supports that the
use of doxofylline as an adjuvant therapy can reduce
the demand for corticosteroids. Ford® found that theoph-
ylline can reduce the dosage of glucocorticoids and

improve corticosteroid resistance in patients with COPD.
The combined use of these drugs has anti-inflammatory
effects, which can synergistically induce and enhance the
responsiveness of steroid hormones to reduce the dosage
of corticosteroids.>® This may be related to the fact that
theophylline can activate histone deacetyl 2 in the macro-
phages of patients with COPD, restoring its activity to
normal levels to increase glucocorticoid sensitivity and
reverse corticosteroid resistance. At the same time, it
works together with glucocorticoids to enhance the tran-
scription of inflammatory cell genes and reduce the syn-
thesis of pro-inflammatory mediators.*

Pulmonary function is an important and intuitive
index for measuring airflow limitation with good repeat-
ability. It has great significance in the diagnosis, severity
evaluation, disease progression, prognosis, and treatment
response of COPD.* In this study, when comparing the
changes of pulmonary function between the stable stage
and the sixth month after discharge, we found an inter-
esting phenomenon: FEV; and MEF levels in the DG for
eosinophilic COPD were higher than for the other sub-
types, but there were no significant differences between
the three clinical subtypes. This suggests that doxofylline
can delay the decline of pulmonary function and that the
protective effect on pulmonary function in patients with
eosinophilic COPD is better than that for the neutrophilic
and mixed granulocytic subtypes, which is similar to the
findings presented by Lal.’>** MEF is mainly determined
by the non-force-dependent part of FVC, which can
reflect the severity of airway obstruction and indicate the
respiratory reserve strength, muscle strength, and
dynamic level of a patient. Related studies have found
that doxofylline has a direct relaxing effect on bronchial
smooth muscle.” It can strengthen the contractile force
of the ventilator and eliminate ventilator fatigue,*® pro-
mote the movement of airway cilia, enhance the speed of
mucociliary transport, and remove airway secretions.>’

Drug safety is one of the core issues in the treatment
of COPD. Theophylline is mainly metabolized through
the cytochrome P450 microsomal enzyme system of
CYP1A2 in the liver.*® Doxofylline lacks the ability to
interfere with the cytochrome enzymes CYP1A2,
CYP2E1, and CYP3A4, which prevents the significant
interaction of other drugs metabolized in the liver
through these pathways to produce a stable serum con-
centration.”® Recent pharmacological studies have shown
that doxofylline does not directly inhibit any HDAC
enzyme or any PDE enzyme subtype, nor does it antago-
nize any known adenosine receptors. This may explain
why the safety of doxofylline has been improved.*® Dur-
ing the 1-week drug adaptation period at the beginning
of the current study, in the DG, acid regurgitation
occurred in two patients (2.9%), who each had a history
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of chronic gastritis, and palpitation occurred in three
patients (5.9%) with a history of arrhythmia. This sug-
gests that doxofylline should be used cautiously in
patients with chronic gastritis or peptic ulcers and
arrhythmia. During the 6-month follow-up period, there
were no serious adverse reactions among the DG, indicat-
ing that the incidence of adverse reactions is very low
and the safety of clinical use is high.

41 | Advantages and limitations

The design of this study had several advantages. First,
unified standards and procedures were adopted and
implemented by a respiratory professional attending phy-
sician with more than 5 years of working experience and
skilled knowledge of how to operate the pulmonary func-
tion meter. Second, the data collection was jointly under-
taken by two researchers to ensure that the observation
forms were filled out in a detailed and objective manner.
All the survey data and experimental data collected were
input into the Epidata database. After data entry, consis-
tency testing (comparison of differences after double
entry of the questionnaire) and reliability testing (quality
control of the input REC files) were carried out. Third,
the researchers working on the study did not participate
in the formulation of treatment plans. For follow-up on
the basis of chronic disease management, the participants
had a high degree of fit, and the follow-up intervals were
designed to mitigate the risk of patients forgetting and
thus control the rate of loss of follow-up and improve the
compliance of participants.

In terms of limitations, the research was a single-
center study, so the disease severity distribution and
treatment of the study population may not represent the
general disease population. In addition, the follow-up
period was 6 months, which is relatively short, and it is
difficult to decide on causal effects about the changes of
the level of the cell types. Finally, in consideration
of medical accessibility and the disease treatment burden,
the effects of doxofylline on mild and moderate acute
exacerbation were not quantified.

5 | CONCLUSIONS

According to the findings of a 6-month follow-up study,
doxofylline, when used as an adjuvant drug, displays a
favorable therapeutic effect on COPD patients with neu-
trophilic and eosinophilic clinical subtypes. It is capable
of minimizing severe acute exacerbations, and in the case
of neutrophilic subtypes, a consistent reduction in the
number of exacerbations was observed after 3 months of

use, whereas eosinophilic subtypes displayed a consistent
reduction in exacerbations after 6 months, although fur-
ther long-term studies may be necessary to establish a
concrete causal relationship. In addition, doxofylline can
reduce reliance on glucocorticoids and promote long-
term reduction of inflammation (after at least 3 months
of usage). Moreover, the incidence of adverse reactions
associated with its use is low, making it a safe choice for
clinical treatment.
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