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Abstract

Purpose To assess the effects of resistance inspiratory muscle training (IMT) on breathlessness in patients with thoracic
malignancies.

Methods This is a two-arm, non-blinded, randomised controlled trial (RCT). A total of 196 participants were randomly
assigned (1:1) into two groups: a control group (routine care) and an intervention group (routine care + IMT training using
a pressure threshold device). The intervention duration was 12 weeks with 30 min/day, 5 days/week. The primary outcome
was breathlessness severity, assessed by the modified Borg scale (mBorg). Secondary outcomes were worst and average
breathlessness over the past 24 h (assessed by the 11-point Numerical Rating Scale), breathlessness severity (assessed by
the Dyspnoea-12, D-12), the 6-min walk distance (assessed by the 6-min walk test, OB MWT), quality of life (assessed by the
St George’s Respiratory Questionnaire, SGRQ), and emotional status (assessed by the Hospital Anxiety and Depression
Scale). Assessments were conducted at baseline (T1), week 8 (T2), and week 12 (T3). Adjusted generalized estimating
equations (GEE) models for repeated measures over time were performed using the Statistical Package for Social Science
(SPSS) software. The modified intention-to-treat principle was used for data analysis.

Results Of the 196 participants, 190 completed the trial, and six dropped out. 31.63% of participants completely adhered
to the required sessions of IMT. In the adjusted GEE model, statistical and minimal clinically important differences were
observed on the m-Borg score at week 8 (P=0.002), while no significant group-by-time effect was observed in the mBorg.
Compared with the control group and baseline, participants in the intervention group showed a significant reduction in D-12
total scores at week 8 (P =0.005) and week 12 (P=0.004). No significant group-by-time interaction effects were observed
for worst and average breathlessness over the past 24 h, anxiety, depression, 6BMWT, and SGRQ scores.

Conclusions This study highlights the short-term benefits of IMT for reducing breathlessness among patients with thoracic
malignancies. However, the long-term effects should be explained with caution due to the participants’ suboptimal adher-
ence. Future studies should explore different strategies to improve adherence and further evaluate the sustained effects of
IMT over time.

Trial registration. ClinicalTrials.gov NCT03834116.

Date of registration. 2019-02-06.

Keywords Lung cancer - Inspiratory muscle training - Breathlessness - Quality of life - Randomised controlled trial

Introduction

Thoracic malignancies have become a significant global
health burden with high morbidity and mortality, particu-
larly lung cancer (LC), which is the leading cause of cancer

Extended author information available on the last page of the article

mortality worldwide [1]. In China, patients diagnosed with
LC ranked first, with new cases of 815,000 and 714,000
deaths in 2020 [2]. Due to the cancer progression and side
effects of cancer treatments, LC patients commonly expe-
rience breathlessness [3]. Reductions in expiratory and
inspiratory muscle strength can persist up to 12 weeks fol-
lowing thoracotomy in LC [4]. Research has reported that
the weighted grand mean prevalence of breathlessness in
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LC patients was 34.9% [5], which has a detrimental impact
on overall well-being, and impedes patients from engaging
in daily activities [6]. Management of breathlessness in LC
patients is generally focusing on medication and oxygen as
prescribed [7]. However, breathlessness tends to be more
refractory to treatment than other symptoms (e.g., pain) and
less responsive to medications, making it a poorly controlled
symptom [8]. Considering the uncertainty of breathlessness
occurrence, oxygen therapy may not always be readily acces-
sible and self-administered when needed. Additionally, the
utilisation of home oxygen therapy can be limited due to its
high costs and side effects (e.g., risk of epistaxis related to
the irritation of nasal cannula) [9].

Inspiratory muscle training (IMT) refers to a targeted
strengthening of the inspiratory muscles by applying resist-
ance during inspiration [10]. It has been used for respiration
symptom relief since the 1980 s [10]. The most common
method of providing IMT is inspiratory threshold pressure
loading [11], which has demonstrated beneficial effects on
quality of life (QoL), exercise capacity, and breathlessness
in non-cancer respiratory diseases over a long time [12].
IMT requires participants to breathe against set resistance,
which increases the workload of the breathing muscles. With
continued practice and progressive resistance, IMT improves
the strength and endurance of the inspiratory muscles [13].
Enhancement in inspiratory muscle strength and endurance
could be in increasing the inspiratory flow, decreasing the
inspiratory time, and improving the expiratory time, con-
sequently reducing the sensation of breathlessness during
daily activities [11]. In a clinical trial conducted by Liu
et al. [13], the recovery of respiratory muscle strength was
well documented in LC patients after a combination of IMT
and aerobic exercise training. Considering the reduction of
breathing muscles resulting from the long-term impact of
cancer treatments, IMT could be a potentially encouraging
intervention for managing breathlessness in patients with
thoracic malignancies. Moreover, cancer and its treatment
have numerous impacts that can be counteracted through
IMT, potentially relieving breathlessness [14]. These include
improvements in lung function, respiratory muscle sarco-
penia, loss of chest mobility due to surgery, and pulmonary
fibrosis caused by chest radiotherapy [15, 16].

A latest systematic review assessing the various breathing
exercises on breathlessness and QoL in LC patients, high-
lighted the promising role of IMT in enhancing the well-
being of these patients [17]. Another meta-analysis indicated
that IMT is effective in improving pulmonary function in
cancer patients, particularly highly recommending its appli-
cation in LC patients [18]. However, IMT did not yield sta-
tistically significant results on exercise capacity and QoL
due to the limited sample size and unsatisfactory method-
ology of the included studies [18]. Ambiguous results of
IMT on exercise capacity, maximal inspiratory pressure,
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maximal expiratory pressure, and QoL were reported by
one systematic review with only five trials on postopera-
tive patients with LC [14]. In addition, strategies using the
IMT for improving breathlessness management and QoL in
LC patients have been reported in the literature [16, 19].
However, due to the limited sample size, and wide hetero-
geneity in the utilisation of IMT, full-scale and high-quality
randomised controlled trials (RCTs) are needed to confirm
the effects of IMT in patients with thoracic malignancies.
To the best of our knowledge, no large-scale RCT has been
conducted so far to assess IMT aiming to reduce breathless-
ness in thoracic malignancies. A pilot study in patients with
clinically stable LC was conducted by Molassiotis et al. [16],
showing that IMT was not only feasible, acceptable, and safe
for LC patients, but also associated with statistical and clini-
cal improvements in the breathlessness-related parameters,
depression and QoL. Following the modification of the RCT
study protocol, a fully powered RCT was conducted to draw
definitive conclusions on the effects of IMT on breathless-
ness among patients with thoracic malignancies.

Methods
Design and participants

The study methods followed the previous pilot study [16]
and the CONSORT guideline. A two-arm, non-blinded, RCT
was utilised. Recruitment took place in the Affiliated Hos-
pital of Southwest Medical University (Sichuan, Mainland
China).

Adult participants were eligible for recruitment if they
(1) were diagnosed with primary LC or mesothelioma (his-
tological diagnosis); (2) have an expected prognosis (over 3
months) as determined by the clinicians; (3) have refractory
breathlessness and have not responded to current treatment
for the past two weeks as determined by the clinicians; and
(4) have an oxygen saturation above 85% at rest. Participants
were ineligible if they (1) were with unstable COPD and
the condition was under acute or frequent exacerbation; (2)
were rapidly worsening breathlessness and needed urgent
medical intervention; (3) have palliative radiotherapy to the
chest received within four weeks or chemotherapy within
two weeks; and (4) were experiencing intractable cough and
have unstable angina or clinically significant pleural effusion
requiring drainage.

The estimation of sample size was based on the primary
outcome of the modified Borg scale (mBorg) score. The
change score of mBorg from baseline to 3-month assessment
was 0.80 and the established minimally important difference
was 1 according to the pilot study [16]. Since a 25% attrition
was reported in the pilot study [16], the required sample size
was 196 totally (98 in each group).
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Randomisation and blinding

Two arms (a control arm and an IMT arm) were designed.
An independent statistician prepared the computer-generated
random sequence. After completion of the baseline assess-
ment of an eligible participant, the investigator (responsible for
recruitment) contacted the independent statistician to request
the group allocation. Participants included in the study were
told what was being applied. The blinding design of the partic-
ipants, investigators, and outcome assessors was not achieved
given that most of the outcome measures were self-reported
and the participants were deemed as the outcome assessors. A
single blinding design (outcomes assessor) was described in
the registered clinical trial protocol, and this paper acknowl-
edges this minor discrepancy.

Study interventions

All the participants received routine methods of care
(‘standard treatment’ as indicated in the registered clinical
trial protocol, which was utilised in both groups as usual
care), including standard health education (pain manage-
ment, medication management, exercise guidance, lifestyle
adjustment) and regular follow-ups. Participants in the inter-
vention group received additional IMT intervention. The
IMT intervention was detailed in the published pilot study
[16]. Participants in the IMT group used a threshold inspira-
tory muscle training device from Phillips Respironics for
five days per week, 30 min per day, for 12 weeks. The daily
30-min training can be divided into two sessions. Before
initiating the intervention, participants’ maximum inspira-
tory pressure (MIP) was measured by using an inspiratory
pressure measuring instrument as a baseline. Then partici-
pants were required to perform 3—5 min of exercise under
the Research Assistant’s supervision to assess whether they
had encountered difficulties (e.g., tiredness or shortness of
breath) in completing the entire session. The IMT exercise
intensity was determined based on the measured partici-
pants’ MIP. Specifically, the initial training intensity started
from 40% MIP, with a weekly increase of 5% until reaching
70% MIP as the maximum intensity [16]. To maintain the
effectiveness of IMT usage, a nose clip was suggested to
prevent patients from inhalation through the nose to over-
come the resistance from the valve. If using a nose clip is
uncomfortable for the participants, the participants were
suggested to manually pinch the nostrils with their hands
during the IMT exercise. The inspiratory duration lasted
for 1.5 to 2 s, while the expiratory duration was extended
to 6 s, maintaining an inhalation-to-exhalation (IE) ratio of
1:3 [20]. This aims to enhance tidal volume, reduce dead

space ventilation, improve alveolar ventilation, decreases
respiratory effort, and alleviates breathlessness symptoms
[20]. Consequently, the respiratory rate was maintained at
about 8 breaths per minute.

Study procedures

Participants’ recruitment was conducted at the outpatient
clinic of study site. Eligible participants who provided
written informed consent were recruited. Baseline assess-
ments were performed before randomisation. Participants
allocated to the intervention group received IMT train-
ing using a pressure threshold device. A study investi-
gator explained and demonstrated how to use and adjust
the exercise intensity until the participants mastered the
skills with a return demonstration. During the interven-
tion period, participants in the IMT group received weekly
reminders to increase the IMT’s resistance level and con-
currently monitor their exercise progress. Participants in
the intervention group were also required to document
their IMT practice sessions. Instruction videos on the
use of the pressure threshold device were provided to the
participants in the IMT group, ensuring that they could
strengthen the IMT technique at home. Consistency in
each stage of this study was maintained by a detailed pro-
tocol, constant supervision of the research activities, and
regular meetings among the study investigators.

Demographic and clinical characteristics of patients
were collected face-to-face at baseline (T1). All the clini-
cal outcomes were assessed via either face-to-face (for
participants who returned to the study site) or telephone
(for those who were unable to return due to the COVID
policies) immediately after the completion of the inter-
vention (8-week, T2) and the completion of the follow-
up (12-week, T3). Since all the subjective outcomes were
self-administrated questionnaires, the participants were
encouraged to complete the questionnaires independently.
Only necessary interpretation was provided in a neutral
way when the participants had confusions about terms or
items in the questionnaires.

Outcome measures

Baseline assessment

The participants’ sociodemographic data, medical his-
tory, medication regimen, and other baseline data were

collected via a predesigned baseline data collection form.
The spirometry assessment at baseline was also recorded.
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Primary outcome

Severity of breathlessness: modified Borg scale (mBorg) The
mBorg is a vertical 11-point scale, from ‘0’ (nothing at all)
to ‘10’ (maximal) to assess the level of breathlessness at
the time of assessment. A higher score represents a higher
breathlessness level [21]. The within-groups minimal clini-
cally important difference (MCID) of 1 point in the mBorg
score was deemed to indicate a clinically significant change
in breathlessness [21].

Secondary outcomes

Severity of breathlessness: Dyspnea-12 Questionnaire
(D-12) The D-12 obtained an overview of the severity of
breathlessness, consisting of both physical aspect and affec-
tive aspect [22]. Each item was rated from ‘0’ (none) to ‘3’
(severe), with a total score range of 0 to 36. A higher score
reflects a greater severity of breathlessness [22]. The D-12
has been widely used for the assessment of breathlessness in
patients with lung disease [22]. The Chinese version of D-12
exhibited strong internal consistency, with Cronbach’s alpha
coefficients of 0.83 in lung cancer patients [23].

Severity of breathlessness over‘the past 24 h': Numerical Rat-
ing Scale (NRS) This study also used a 0-10 NRS (0 =no,10
=as bad as can be) to assess the ‘average’ level and ‘worst’
level of the severity of breathlessness and the distress caused
by breathlessness over ‘the past 24 h’ [24]. The NRS has
been validated and used for the severity of breathlessness
[24].

Exercise capacity: the 6-min walk test (6MWT) The exercise
capacity was assessed using the 6-min walk test (6MWT),
which is patient-friendly, well-validated, and exhibits
strong correlations with lung function in clinical trials [25].
In accordance with the American Thoracic Society (ATS)
guidelines, participants were directed to a quick walk back
and forth and stop or rest as necessary on a demarcated 30-m
linear path on a flat surface. At each minute, reminders of
the time remaining were provided to participants to ensure
consistency with standardized procedures [25]. Following
the completion of 6 min, the test administrator recorded the
6-min walk distance (6MWD). During the baseline assess-
ment, the GMWT was conducted in person by the researcher
who provided detailed instructions explaining the procedure
and safety precautions. As the 6 MWT is simple to adminis-
ter, requiring no specialized equipment or advanced train-
ing [26], participants were therefore provided standardized
instructions on how to self-administer the 6MWT at home
using their phones during the COVID-19 outbreak. The
instructions were as follows: (1) participants were instructed
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to wear comfortable clothing and supportive shoes; (2)
choose a flat, straight walking path recorded in length; (3)
a smartphone timer was set for a 6-min countdown; (4) the
timer was started when the participant began walking, and
they stopped immediately when the timer rang; (5) distance
was recorded by measuring the number of laps completed
along their designated walking path; and (6) participants
were advised to have a family member or caregiver present
during the test in case of any issues.

Health-related QoL: St George’s Respiratory Questionnaire
(SGRQ) The SGRQ was specifically designed to measure and
quantify health-related status in patients with chronic airflow
limitation, and it has been validated for assessing QoL in
patients with lung disease (including lung cancer patients)
[27, 28]. The SGRQ consists of 50 items with 76 weighted
responses, yielding into ‘symptoms’, and ‘activity’, ‘impact’
sections [29]. The total score also summarizes the impact
of the disease on overall health status ranging from 0-100,
where a lower score indicates better health [29].

Emotional Status: Hospital Anxiety and Depression Scale
(HADS) The HADS is a 14-ite scale for measuring anxiety
and depression. It has been validated in cancer patients [30].
The items are rated on a 4-point scale from O (not present)
to 3 (considerable), with higher scores representing more
anxiety/depression. The Mandarin Chinese version has a
satisfactory psychometric property, with Cronbach’s alpha
>0.840 in the total and subscales [30].

Data analysis

Data was analyzed using the IBM SPSS 25.0 software. The
statistical significance was set at a p-value of <0.05. The
participants’ demographic and clinical characteristics were
reported as frequencies and percentages or means and stand-
ard deviations. Categorical variables were analyzed using
the chi-square test or independent t-test to conduct baseline
comparisons. The description of normally and non-normally
distributed continuous data was reported as mean (stand-
ard deviation [SD]) and median (interquartile range [IQR]),
respectively. Mann—Whitney U test was conducted to com-
pare non-parametric variables while independent #-test was
used for the comparison of normally distributed variables.
Generalized estimating equations (GEE) models were used
to compare differences in the outcomes (mBorg, NRS, D-12,
6MWT, SGRQ, HADS) between the two groups across mul-
tiple time points (T1-T2-T3) with adjustment for potential
confounding factors. The potential confounding factors are
variables that were significantly different between the two
groups at baseline (BMI, D-12 score) and other potential
covariates (age, weight, smoking, exercise, insomnia) [31,
32]. The GEE model accounts for the following: (1) group
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Fig.1 CONSORT diagram for the study population

effect: assumes the outcome varies based on group assign-
ment, independent of time; (2) time effect: assumes the out-
come varies over time, independent of group assignment;
and (3) group-by-time effect (main effect): examines the
interaction between group assignment and time, compar-
ing the intervention group at later time points with both the
baseline and the control group at all time points [33]. The
group-by-time effect is the primary result in this analysis,
indicating the divergence in outcome trajectories over time
between groups. A modified intention-to-treat analysis was
followed.

Results

Sociodemographic and clinical characteristics

A total of 196 participants were recruited and randomly
allocated to each group (Fig. 1). The attrition rate was 3%.

| Analysed (n=93)

Table 1 shows the baseline characteristics of the participants.
No statistically significant between-group differences were
found in baseline characteristics except the total score of
D-12 (P=0.02) and BMI (P = 0.02) which were introduced
as two of the potential confounders in the adjusted GEE
model. In the IMT group, approximately one-third of par-
ticipants (31.63%) adhered strictly to the IMT protocol.
The remaining participants (68.37%) completed most of
the required training sessions due to malfunctioning IMT
devices and discontinued monitoring strategies resulting
from the implementation of COVID-19 policies.

Primary outcome
mBorg
Significant within-group differences were found in both the

intervention group and control group, with its mBorg score at
T2 and T3 being significantly lower than the score at baseline
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Table 1 Baseline demographic and clinical characteristics of the participants

Variables Control group Intervention group Value P
n (%) n (%)
Educational background No formal education 9(9.2) 11 (11.2) 2.28% 0.81
(n=196, 98/98) Primary school 26 (26.5) 24 (24.5)
Secondary school 33 (33.7) 38 (38.8)
High school/technical school 12 (12.2) 99.2)
Junior college 8(8.2) 10 (10.2)
Bachelor’s degree or above 10 (10.2) 6 (6.1)
Gender (n= 196,98/98) Male 50(51.0) 41(41.8) 1.66* 0.20
Female 48(49.0) 57(58.2)
Marital status (n= 196, 98/98) Single 1(1.0) 1(1.0) 0.004 1.00
Married 97 (99.0) 97 (99.0)
Occupation (n= 194, 98/96) Professional and technical personnel 5(5.1) 11 (11.5) 4304 0.37
Labour worker 29 (29.6) 20 (20.8)
Clerical or administrative worker 4(4.1) 6(6.3)
No longer working* 39 (39.8) 38 (39.6)
Other 21 (21.4) 21 (21.9)
Household income (RMB) (n= 178, 90/88) < 3000 54 (60.0) 52 (59.1) 1.434 0.70
3000-6000 30 (33.3) 31(35.2)
> 6000-10000 6 (6.7) 4(4.5)
> 10,000 0(0) 1(1.1)
Source of healthcare insurance (n= 195, 98/97) New Rural Cooperative Medical System 42 (42.9) 46 (47.4) 0.86% 0.65
Resident Medical Insurance/Employee 55 (56.1) 49 (50.5)
Medical Insurance
Self-paid 1(1.0) 2(2.1)
BMI (n= 194,98/98) Underweight (< 18.5) 9(9.2) 3(3.1) 5.644 0.13
Normal/healthy weight (18.5 ~22.9) 43 (43.9) 42(42.9)
Overweight (23 ~24.9) 25 (25.5) 21(21.4)
Obese (> 25) 21 (21.4) 32 (32.7)
Cancer stage (n= 183, 94/89) I 63 (67.0) 61 (68.5) 5.634 0.47
1A 4(4.3) 4.(4.5)
1B 7(7.4) 3(3.4)
IIA 6(6.4) 9 (10.1)
1B 6(6.4) 2(2.2)
Ic 1(1.1) 0(0)
v 7(7.4) 10 (11.2)
Surgery types (n= 169,87/82) Left upper lobectomy 20 (23.0) 26 (31.7) 3.044 0.69
Left lower lobectomy 6(6.9) 6(7.3)
Right upper lobectomy 28 (32.2) 23 (28.0)
Right lower lobectomy 19 (21.8) 14(17.1)
Microwave ablation 0 (0) 1(1.2)
Other 14 (16.1) 12 (14.6)
Hypertension (n= 195, 98/97) Yes 19 (19.4) 26 (26.8) 1.514 0.22
No 79 (80.6) 71 (73.2)
Diabetes (n= 196,98/98) Yes 4(4.1) 11(11.2) 2.604 0.11
No 94 (95.9) 87 (88.8)
Asthma (n= 196,98/98) Yes 2 (2.0) 2 (2.0) 0.004 1.00
No 96 (98.0) 96 (98.0)
Pneumonectasis (n= 196,98/98) Yes 331 5(.1) 0.134 0.72
No 95 (96.9) 93 (94.9)
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Table 1 (continued)

Variables Control group Intervention group Value P
n (%) n (%)
Pulmonary tuberculosis (n= 196,98/98) Yes 3.1 3(3.D 0.004 1.00
No 95 (96.9) 95 (96.9)
Heart diseases (n= 194,96/98) Yes 7(7.3) 5(.1) 0.404 0.53
No 89 (92.7) 93 (94.9)
Targeted therapy (n= 196,98/98) Yes 23(23.5) 23(23.5) 0.004 1.00
No 75(76.5) 75(76.5)
Exercise (Hour/week) (n= 195, 98/97) 0-2 79 (80.6) 78 (80.4) 1.364 0.72
34 11(11.2) 14 (14.4)
5-6 6(6.1) 3(3.1)
More than 6 2 (2.0) 2(2.1)
Smoking (n= 195, 98/97) Never smoked 64 (65.3) 65 (67.0) 0.354 0.84
Current smoking 2 (2.0) 1(1.0)
Previous smoking 32 (32.7) 31 (32.0)
Alcohol consumption (n= 196, 98/98) Yes 34 (34.7) 37 (37.8) 0.204 0.66
No 64 (65.3) 61 (62.2)
Insomnia (n= 196, 98/98) Yes 38 (38.8) 34 (34.7) 0.354 0.55
No 60 (61.2) 64 (65.3)
Mean + SD Mean + SD
Age (n= 196, 98/98) 58.8 +5.10 58.78 +£9.75 0.058 0.96
BMI index 22.64 £2.79 23.63 +3.27 -2.28%  0.02
Blood oxygen level (%) (n= 196,98/98) 97.58 +1.47 97.63 +1.37 4870.50¢ 0.85
6MWD (n= 194, 96/98) 389.82 +60.90 393.04 +57.45 4830.00¢ 0.75
mBorg score (n= 195, 97/98) 425 +1.71 4.21 £1.36 4848.50° 0.80
SGRQ total score (n= 196, 98/98) 27.06 £12.72  29.29 +13.39 5294.50¢ 0.22
HADS-D score (n= 191, 94/97) 1.74 £2.51 1.92 +£2.59 4653.00 0.80
HADS-A score (n= 195, 97/98) 2.96 +2.42 3.19 +£2.91 4746.00° 0.99
D-12 total score (n= 192, 95/97) 7.13 +3.78 8.16 +3.93 5537.50¢ 0.02
NRS-worst score (n= 195, 97/98) 4.36 +2.23 4.53 £1.94 4979.00¢ 0.56
NRS-average score (n= 195, 97/98) 2.54 +1.35 2.54 +1.26 4805.00¢ 0.89

A Chi square test; B independent #-test; c Mann—Whitney U test; *, including housewife, unemployment, and retired; 6MWD, 6-min walk
distance; mBorg, modified Borg scale; SGRQ, St George’s Respiratory Questionnaire; HADS, Hospital Anxiety and Depression Scale; D-12,
Dyspnea-12 Questionnaire; NRS-worst, worst breathlessness over the past 24 h assessed by the Numerical Rating Scale; NRS-average, average

breathlessness over the past 24 h assessed by the Numerical Rating Scale

(all P< 0.05, Table 2), suggesting the breathlessness was
reduced over time. The observed change in mBorg score in
the IMT group at both T2 and T3 reached the minimally
important clinical difference (MCID) of 1, while the MCID
of mBorg score in the control group was observed until at
T3. Group-comparison showed that the mBorg score of the
control group was significantly higher (worse breathlessness)
than the IMT group at T2 (P = 0.002). The group-by-time
effect was not significant for the mBorg score (Table 3).

Secondary outcomes
D-12

In the IMT group, the D-12 total score, physical subscale
score, and affective subscale score at T2 and T3 were sig-
nificantly lower than the scores measured at T1 (all P<
0.05, Table 2), suggesting improvement of breathlessness
severity. In the control group, only the D-12 total score and
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Table 2 Group-effect and
time-effect of intervention on
outcomes by adjusted GEE
model
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Outcome Timepoint Comparison Adjusted
MD SE  EF 7 P
mBorg T1 IG VS. CG -0.300 0.19 0.22 2.46 0.117
T2 IG VS. CG —-0515 016 0.45 9.79 0.002
T3 IG VS. CG —0.240 0.16 0.21 2.18 0.140
(€] T3 VS. T2 -0.125  0.08 0.23 2.51 0.113
T3 VS. Tl -0.663 0.13 0.72 24.83 < 0.001
T2 VS. Tl -0.538 0.10 0.76 28.20 < 0.001
CG T3 VS. T2 - 0400 0.07 0.78 28.79 < 0.001
T3 VS. Tl -0.723 0.12 0.85 34.10 < 0.001
T2 VS. Tl -0324 013 0.37 6.52 0.011
D-12-total T1 IG VS. CG 0.967 0.46 0.30 4.34 0.037
T2 IG VS. CG -0304 042 0.11 0.53 0.468
T3 IG VS. CG - 0440 042 0.15 1.10 0.294
1G T3 VS. T2 —-0434  0.13 0.48 11.13 0.001
T3 VS. Tl —-2743 032 1.24 74.09 < 0.001
T2 VS. Tl —-2309 031 1.06 54.17 < 0.001
CG T3 VS. T2 -0298 0.17 0.26 3.18 0.075
T3 VS. Tl -1336 041 0.48 10.62 0.001
T2 VS. Tl -1.038 036 0.42 8.32 0.004
D-12-physical T1 IG VS. CG 0.716 0.37 0.28 3.73 0.053
T2 IG VS. CG -0302 037 0.12 0.66 0.415
T3 IG VS. CG -0416 036 0.17 1.31 0.253
IG T3 VS. T2 -0499 0.12 0.60 17.36 < 0.001
T3 VS. Tl —-2406 026 1.34 87.99 < 0.001
T2 VS. Tl -1907 023 1.17 66.31 < 0.001
CG T3 VS. T2 -0385 014 0.40 7.45 0.006
T3 VS. Tl -1275 031 0.61 17.38 < 0.001
T2 VS. Tl —-0.890 026 0.49 11.46 0.001
D-12-emotionnal ~ T1 IG VS. CG 0.267 0.19 0.20 1.97 0.160
T2 IG VS. CG -0.003 0.11 <0.01 <0.01 0.977
T3 IG VS. CG -0.039 012 0.05 0.11 0.740
(€] T3 VS. T2 0.051 0.04 0.20 1.93 0.164
T3 VS. Tl -0364 0.15 0.35 5.95 0.015
T2 VS. Tl -0415 0.15 0.41 7.96 0.005
CG T3 VS. T2 0.086 0.05 0.25 3.03 0.082
T3 VS. Tl -0.059 0.16 0.05 0.13 0.714
T2 VS. Tl -0.145  0.15 0.14 0.90 0.344
NRS-worst T1 IG VS. CG 0.034 0.27 0.02 0.02 0.902
T2 IG VS. CG —-0247  0.20 0.18 1.53 0.217
T3 IG VS. CG 0.101 0.19 0.08 0.29 0.588
1G T3 VS. T2 -0.014 0.08 0.03 0.03 0.859
T3 VS. Tl -039 0.17 0.33 5.26 0.020
T2 VS. Tl -0380 0.15 0.37 6.77 0.009
CG T3 VS. T2 -0360 0.09 0.56 14.69 < 0.001
T3 VS. Tl - 0460 0.16 0.41 8.06 0.004
T2 VS. Tl -0.100 0.15 0.10 0.44 0.507
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Table 2 (continued)

Outcome Timepoint Comparison Adjusted
MD SE  EF 7 P
NRS-average Tl 1IG VS. CG —0.153 0.17 0.13 0.79 0.373
T2 IG VS. CG -0.057 0.13 0.06 0.18 0.674
T3 IG VS. CG 0.094 0.12 0.12 0.65 0.421
(€] T3 VS. T2 -0.126  0.07 0.27 3.60 0.058
T3 VS. Tl -0.166  0.14 0.17 1.45 0.228
T2 VS. Tl —0.041 0.12 0.05 0.12 0.734
CG T3 VS. T2 -0280 0.07 0.60 16.65 < 0.001
T3 VS. Tl -0410 0.12 0.51 12.23 < 0.001
T2 VS. Tl -0.137 0.13 0.15 1.14 0.285
6MWD T1 IG VS. CG 9.580 7.57 0.18 1.60 0.206
T2 IG VS. CG 10.970 7.17 0.23 2.34 0.126
T3 IG VS. CG 8.218 7.90 0.16 1.08 0.298
1G T3 VS. T2 7.750 4.21 0.28 3.40 0.065
T3 VS. Tl 18.457 6.43 0.42 8.23 0.004
T2 VS. Tl 10.707 4.81 0.32 4.96 0.026
CG T3 VS. T2 10.502 3.35 0.47 9.81 0.002
T3 VS. Tl 19.819 5.53 0.53 12.86 < 0.001
T2 VS. Tl 9.317 4.54 0.30 4.20 0.040
HADS-A T1 IG VS. CG -0.077 037 0.03 0.04 0.836
T2 IG VS. CG 0.079 0.32 0.04 0.06 0.807
T3 IG VS. CG 0.088 0.31 0.04 0.08 0.775
IG T3 VS. T2 —-0240 0.13 0.28 3.67 0.055
T3 VS. Tl -0.173 031 0.08 0.30 0.582
T2 VS. Tl 0.067 0.30 0.03 0.05 0.821
CG T3 VS. T2 -0249 0.13 0.28 3.65 0.056
T3 VS. Tl -0338 027 0.18 1.55 0.213
T2 VS. Tl —0.088 026 0.05 0.11 0.736
HADS-D T1 IG VS. CG -0.177 032 0.08 0.31 0.581
T2 IG VS. CG -0252 023 0.16 1.16 0.282
T3 IG VS. CG 0.009 0.25 0.01 <0.01 0.971
(€] T3 VS. T2 0.093 0.11 0.12 0.76 0.385
T3 VS. Tl -0.163  0.29 0.08 0.31 0.577
T2 VS. Tl -0256 0.28 0.13 0.84 0.361
CG T3 VS. T2 -0.168  0.11 0.22 2.21 0.137
T3 VS. Tl —-0349  0.30 0.17 1.37 0.241
T2 VS. Tl —0.181 0.28 0.09 0.41 0.524
SGRQ-total T1 IG VS. CG 0.838 1.16 0.10 0.53 0.469
T2 IG VS. CG 1.114 0.85 0.19 1.70 0.193
T3 IG VS. CG 0.556 0.82 0.10 0.46 0.497
1G T3 VS. T2 0.254 0.43 0.09 0.36 0.550
T3 VS. Tl —0.281 1.01 0.04 0.08 0.781
T2 VS. Tl -0536 086 0.09 0.39 0.532
CG T3 VS. T2 0.813 0.46 0.26 3.17 0.075
T3 VS. Tl 0.001 1.04 <0.01 <0.01 0.999
T2 VS. Tl —0.811 1.03 0.11 0.62 0.430
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Table 2 (continued)

Outcome Timepoint Comparison Adjusted
MD SE  EF 7 P
SGRQ-symptom T1 IG VS. CG 1.097 1.74 0.09 0.40 0.527
T2 IG VS. CG 3.055 1.69 0.26 3.27 0.070
T3 IG VS. CG 1.415 1.61 0.13 0.77 0.381
(€] T3 VS. T2 —2443  0.82 0.43 8.89 0.003
T3 VS. Tl - 1.879 1.51 0.18 1.55 0.213
T2 VS. T1 0.564 1.38 0.06 0.17 0.684
CG T3 VS. T2 -0.803  0.69 0.17 1.37 0.243
T3 VS. Tl -2.197 1.52 0.21 2.08 0.149
T2 VS. Tl —1.394 1.47 0.14 0.90 0.342
SGRQ-activity T1 IG VS. CG 1.569 1.67 0.13 0.89 0.346
T2 IG VS. CG 0.442 1.06 0.06 0.17 0.676
T3 IG VS. CG 0.180 1.02 0.03 0.03 0.859
1G T3 VS. T2 0.027 0.56 0.01 <0.01 0.962
T3 VS. Tl —1.002 1.20 0.12 0.70 0.404
T2 VS. Tl —1.028 1.09 0.14 0.89 0.345
CG T3 VS. T2 0.289 0.58 0.07 0.25 0.618
T3 VS. Tl 0.388 1.30 0.04 0.09 0.765
T2 VS. Tl 0.099 1.30 0.01 0.01 0.939
SGRQ-impact T1 IG VS. CG 0.434 1.21 0.05 0.13 0.719
T2 IG VS. CG 0.648 0.96 0.10 0.45 0.502
T3 IG VS. CG 0.637 091 0.10 0.49 0.483
IG T3 VS. T2 1.270 0.48 0.38 7.04 0.008
T3 VS. Tl 0.505 1.20 0.06 0.18 0.675
T2 VS. Tl —0.765 1.05 0.10 0.53 0.467
CG T3 VS. T2 1.281 0.53 0.35 5.93 0.015
T3 VS. Tl 0.302 1.26 0.03 0.06 0.811
T2 VS. Tl —-0.978 1.16 0.12 0.71 0.401

IG, intervention group; CG, control group; NRS-worst, worst breathlessness over the past 24 h assessed
by the Numerical Rating Scale; NRS-average, average breathlessness over the past 24 h assessed by the
Numerical Rating Scale; SGRQ, St George’s Respiratory Questionnaire; 6MWD, 6-min walk distance;
HADS, Hospital Anxiety and Depression Scale.

physical score at T2 and T3 were significantly lower than
the scores measured at T1 (all P < 0.05, Table 2). No sig-
nificant between-group difference was found at each time
point for D-12 total, physical, or affective aspects (all P>
0.05) (Table 3). The significantly greater decreases in D-12
total and D-12 physical scores were seen in the IMT group
at T2 (Pygga= 0.005, Pppygica = 0.002) and T3 (P, = 0.004,
Ppysica = 0.002) compared to the control group (Table 3).
NRS: worst and average breathlessness over the past 24 h

No significant group-effect and group-by-time effect of
NRS-worst and NRS-average scores were observed across
time (all P> 0.05, Tables 2 and 3). The NRS-worst score at
T1 was significantly higher than the scores at T2 and T3 in
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the IMT group (all P < 0.05, Table 2). The within-group dif-
ference of NRS-worst score in the control group was signifi-
cant only between T3 and T1 (P = 0.004, Table 2). No time-
effect was observed in the NRS-average score in the IMT
group, while the NRS-average score at T1 was significantly
lower than T3 in the control group (P < 0.001, Table 2). The
within-group comparisons suggested the gradually alleviated
worst breathlessness severity in both groups.

6MWD

The 6MWD increased in the IMT group over time, showing
a significantly better exercise capacity at T2 and T3 com-
pared with T1 (all P < 0.05, Table 2). Similar results were
found in the control group (all P < 0.05, Table 2). However,
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Table 3 Group-by-time of

. ) Outcomes Time point  Intervention Control group  Adjusted group *time
intervention on outcomes by group
adjusted GEE model
Mean SD Mean SD p 95%CI P
mBorg" T1 421 136 425 171
T2 3.04 132 365 170 -021 -0.53,0.10 0.175
T3 279 151 310 1.62 0.06 —0.29,0.41 0.734
D-12-TOTAL* T1 8.16 393 713  3.78
T2 520 343 572 360 -127 -215,-039 0.005
T3 466 3.13 505 316 -141 -235-046 0.004
D-12-physical* T1 732 285 6.61 279
T2 5.04 277 551 307 -102 -1.66,-0.37 0.002
T3 449 255 486 267 —-1.13 -1.86,—040 0.002
D-12-affective* T1 082 1.73 048 153
T2 0.16  0.90 021 089 -027 -0.69,0.15 0.208
T3 0.16  0.85 0.19 088 -031 -0.73,0.12 0.160
NRS-worst" T1 453 194 436 223
T2 356 143 394 192 -028 -0.69,0.13 0.176
T3 342 146 346 172 0.07 —-0.38,0.51 0.767
NRS-average® T1 254 126 254 135
T2 1.94  1.02 212 149 0.10 —-0.22,041 0.550
T3 1.73  1.05 1.71 127 025 —0.08,0.57 0.140
6MWDP T1 393.04 57.45 389.82 60.90
T2 418.73 5797 408.62 60.65 1.39 —11.75,14.53 0.836
T3 430.22 5830 42035 6392 -136 -—17.95,1523 0.872
HADS-A® Tl 319 291 296 242
T2 254 242 264 259 0.16 —0.55,0.86 0.666
T3 227 229 230 239 0.17 —-0.57,09 0.662
HADS-D¢ Tl 192 259 174 251
T2 097 234 1.17 226 -0.08 -0.750.6 0.827
T3 090 2.03 085 1.86 0.19 -0.51,0.89 0.603
SGRQ-total® T1 2929 1339 27.06 12.72
T2 21.50 1051 22.88 11.53 0.28 —1.93,2.48 0.807
T3 2043 11.09 2095 1136 —-0.28 —2.52,1.95 0.804
SGRQ—symptom®  T1 2494 1341 23.00 15.37
T2 1991 1420 19.11 1250 1.96 —1.68,5.59 0.291
T3 16.61 13.79 16.75 12.00 0.32 —3.28,3.92 0.863
SGRQ—activity® Tl 46.18 16.21  43.12 1556
T2 3730 11.11  39.74 13.15 —-1.13 —4.23,198 0.477
T3 36.07 11.66 37.05 1201 —-139 —4.53,1.75 0.386
SGRQ—impactP T1 20.85 1461 1898 12.58
T2 12.81 1149 1437 11.85 0.21 —2.34,2.76 0.869
T3 1255 11.82 1297 1248 0.20 — 243,283 0.880

AAdjusted for age, BMI, smoking, exercise, HADS-total, and D-12 total scores

(* adjusted for age, BMI, smoking, exercise, HADS-total score)

B Adjusted for age, BMI, gender, and D-12 total scores

CAdjusted for age, BMI, cancer stage, surgery types, diabetes, and D-12 total score

DAdjusted for age, BMI, occupation, exercise, source of healthcare insurance, insomnia, mBorg score,
D-12 total score, NRS-average score, NRS-worst score, and HADS total score

NRS-worst, worst breathlessness over the past 24 h assessed by the Numerical Rating Scale.
NRS-average, average breathlessness over the past 24 h assessed by the Numerical Rating Scale.
SGRQ, St George’s Respiratory Questionnaire.

6MWD, 6-min walk distance.
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there were no significant differences in 6B MWD for between-
group comparison (Table 2), indicating no changes in exer-
cise capacity after IMT intervention. The group-by-time
effect was not significant for the 6MWD (Table 3).

HADS

No significant group-effect, time-effect, and group-by-time
interaction effect was observed in the scores of the HADS-A
and HADS-D within the adjusted GEE module (Table 3).

SQRG

No significant group-effect, time-effect, and group-by-
time interaction effect was observed in the scores of the
SQRG-total and subscale within the adjusted GEE module
(Table 3).

Discussion

Findings of this large-scale RCT demonstrated that IMT
potentially supports the improvement of breathlessness sever-
ity (mBorg and D-12) in patients with thoracic malignancies.
Further identification of the sustained effect of IMT on breath-
lessness is necessary, mainly due to the suboptimal adherence
to the intervention. Yet these findings have crucial implications
in efforts to manage breathlessness among this population.

The National Institute for Health and Clinical Excellence
(NICE) recommended nonpharmacological interventions
as the standard care for breathlessness in patients with LC
[3]. However, high-intensity interventions (e.g., intensive
exercise) impose a significant burden on patients with LC
and are often difficult to sustain in many cases with breath-
lessness [34]. IMT provides a relatively low burden on LC
patients, aiming to enhance both inspiratory and expiratory
muscle performance through targeted training [14, 18]. As
shown by the results of this study, after IMT, there was a
significant decrease in the severity of breathlessness in a
short-term (8 weeks). One explanation could be that the IMT
potentially improved the inspiratory muscles at a mechanical
disadvantage and optimised the pattern of thoracoabdominal
motion with a higher level of inspiratory resistance. Also,
the improved breathing during the IMT practice can improve
breathlessness as well [35]. This finding aligns with the
results of a retrospective cohort study which examined the
efficacy of IMT in a consistent inspiratory pressure training
load alongside exercise therapy among advanced LC patients
experiencing breathlessness [19].

The current study only highlights the relatively short-term
effects of IMT in alleviating breathlessness, the suboptimal
compliance of the participants might be one of the attribut-
ing factors. One major barrier to adherence was the inability
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of participants to return to the study hospital for spirometry
assessments and follow-ups due to the constraints imposed
by COVID-19 policies. Strategies to improve adherence
were classified into four types: technical solutions (such as
decreased frequency and intensity); educational programs;
behavioral interventions; and social support interventions [36].
The updated IMT protocol used in this study has been divided
into two sessions and the intensity has been built up slowly
according to participants’ tolerance. Future studies can include
some behavioral change components to improve participants’
adherence further, for example, more effective reminders, reg-
ular monitoring, or reward-based initiation. The protocol could
be modified to provide in-person home visits as an option,
which could help with subsequent tracking effectively. Also,
integrating some social platforms, such as the WeChat App,
into self-management intervention could be another promising
strategy for improving adherence. Additionally, the between-
group differences in D-12 total score and BMI at baseline in
this study indicated the benefits of using stratified randomisa-
tion in future studies to minimize statistical bias.

This study found no significant group-time interaction
effects on the QoL, consistent with two systematic reviews
showing that the effects of IMT on QoL among LC patients
remain ambiguous [14, 18]. QoL of patients with thoracic
malignancies may be impacted by multiple factors (e.g.,
the severity and the number of cancer-related symptoms,
detreated lung function etc.), which may reflect differently
in a subjective measure of the QoL [37]. The findings of this
study on anxiety and depression were the same as previous
studies, indicating that breathing exercise programs (includ-
ing IMT and incentive deep-breathing exercise) could not
significantly improve the emotional status of patients with
LC [34]. However, an undeniable fact is that high levels of
anxiety and depression in patients with LC are primarily
attributed to progressive disease and worsening symptoms
in LC patients [38, 39]. Also, anxiety and depression were
regarded as factors associated with dropout and non-adher-
ence with IMT in previous literature [40]. Thus, a combi-
nation of psychological support (e.g., cognitive-behavioral
therapy) with the IMT intervention could be considered in
future studies to promote participants’ engagement and max-
imise the interventional effects among this population.

In the pilot study, spirometry was used to assess lung
function but was excluded from the current trial due to
two reasons: (a) the pilot study indicated no change in lung
function at any assessments, suggesting minimal expected
improvements in lung function among this population with
advanced cancer. Thus, the preservation of stable breathless-
ness emerges as a critical concern. (b) Current literature con-
sistently shows a lack of association between lung function
and perceived breathlessness improvement [41]. Given this
insight, the current study included the 6MWT based on the
expert’s recommendations. A meta-analysis showed similar
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findings, indicating that breath exercise (including IMT inter-
vention) did not improve the 6MWD in LC patients under-
going surgery [42]. A retrospective pilot study has reported
conflicting findings, suggesting that IMT combined with pul-
monary rehabilitation appears effective on exercise capacity in
non-small cell LC patients receiving radiotherapy [43]. Addi-
tionally, a recent RCT observed a 6-week IMT combined with
aerobic exercise led to improved exercise capacity (measured
by 6MWT) in LC patients after surgery [13]. These results
could potentially be attributed to the sub-optimal adherence
to the IMT intervention and the heterogeneity of subsequent
self-assessment of 6MWD using a phone at home. To over-
come this challenge, it would be advisable for future studies
to encourage patients to visit the hospital for a standardized
measurement. Alternatively, employing healthcare practi-
tioners or trained researchers for home or community-based
evaluations could enhance the accuracy of assessments.

Strengths and limitations

To our knowledge, this study represents the first large-scale
RCT to thoroughly investigate the effects of IMT among
patients with thoracic malignancies. This study focuses on
the patients’ self-practice at home, indicating a practical com-
bination of the intervention into their daily care routines. The
adherence to IMT practice was reported by diary alone across
the COVID-19 outbreak, limiting interpretation of results.
The incorporation of electronic monitoring has been sug-
gested to assess adherence and is considered the ‘gold stand-
ard’ for measuring adherence in similar interventions [44].
Due to resource constraints, the blinding of participants was
not achieved. Although the 6MWT is simple to self-admin-
ister with standardized instructions provided, having this test
at home without direct supervision during the COVID-19
outbreak may affect the consistency and generalizability of
the results. Also, given that the 6B MWD tends to increase after
3 walks due to a learning effect [45], 1 to 2 practice tests are
suggested before determining an individual’s exercise capac-
ity in future studies. Future studies should consider adopting
a sham-controlled design, such as instructing participants to
use the same device with no or minimal resistance, to further
strengthen the internal validity and minimise potential bias.

Conclusions

The IMT intervention potentially reduced breathlessness
in patients with thoracic malignancies in the short term.
Further study could incorporate a follow-up and advanced
monitoring strategy to better explore its long-term effects on
breathlessness in patients with thoracic malignancies.
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