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Abstract

Dyspnea is a disabling symptom presented in approximately half of 
all cancer survivors. From a clinical perspective, despite the avail-
ability of pharmacotherapies, evidence-based effective treatments are 
limited for relieving dyspnea in cancer survivors. Preliminary evi-
dence supports the potential of respiratory muscle training to reduce 
dyspnea in cancer survivors, although large randomized controlled 
studies are warranted. The aims of this article were to review the rel-
evant scientific literature on the potential therapeutic role of respira-
tory muscle training in dyspnea management of cancer survivor, and 
to identify possible mechanisms, strengths and limitations of the evi-
dence as well as important gaps for future research directions.
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Introduction

Dyspnea or breathlessness is a common, debilitating symptom 
among cancer survivors, especially in those with advanced 
cancers [1, 2]. Dyspnea is defined as “subjective experience of 
breathing discomfort that consists of qualitatively distinct sen-
sations that vary in intensity” [3]. Other terms such as “short-
ness of breath”, “difficulty breathing”, “chest tightness” and 
“air hunger” are also frequently used in the literature [1, 3]. 
The prevalence of dyspnea is ranging from 10% to 70% of 
patients with cancer according to systematic review of over 
10,000 patients [4]. A recent systematic review reported an av-
erage dyspnea prevalence of 58% (range 10% to 90%) among 
patients with advanced all-type cancers, and 34.9% among pa-

tients with lung cancer, respectively [1]. In particular, 45.5% of 
cancer survivors experienced exertional dyspnea, a factor that 
negatively affects activities of daily living and exercise [1]. 
Despite this high prevalence and tremendous burden, dysp-
nea is often underestimated by clinicians [1, 5]. For example, 
while clinicians reported that less than 30% of patients with 
lung cancer experienced moderate to severe dyspnea, over 
50% of their patients reported the occurrence of this symptom 
[1]. Dyspnea in patients with advanced cancers is clinically 
significant in particular when presented at rest, which indicates 
a poor prognosis (typically a survival less than a few months) 
[2, 6]. Studies in patients with lung, breast and other cancers 
reported a significantly lower survival rate in those who pre-
sent dyspnea compared to those who did not [7, 8]. In addition 
to a high mortality risk, the distressing burden of dyspnea is 
frequently compounded by fatigue, anxiety and depression, 
resulting in functional limitations in activity of daily living, 
avoidance of physical activity and poor quality of life [2, 6].

The cause of dyspnea is multifactorial and many demo-
graphic and clinical characteristics have been shown to be 
associated with dyspnea. These include: age, gender, cancer 
type and stage, presence of metastatic disease, type of cancer 
treatments, smoking history, cardiopulmonary comorbidities, 
physical inactivity, low pulmonary function, body weight loss 
> 5%, obesity, anemia, anxiety, depression pain and fatigue 
[1]. While pharmacological therapies are part of dyspnea man-
agement in cancer [2], and opioids such as morphine remain 
the cornerstone for treating dyspnea [5], their efficacy in al-
leviating dyspnea is limited [2]. Literature review of 17 ran-
domized controlled trials found that opioids and anxiolytics 
such as benzodiazepines were no more effective than placebo 
in improving breathlessness [2]. Although supervised exercise 
therapy/pulmonary rehabilitation has been shown to be effec-
tive in improving dyspnea in patients with lung cancer [9], this 
treatment modality has not been recommended by American 
Society of Clinical Oncology (ASCO) for dyspnea manage-
ment in patients with advanced cancer [2]. This is possibly 
due to insufficient evidence, and the fact that supervised ex-
ercise therapy/pulmonary rehabilitation is not a standard of 
care for patients with cancer [2]. While preliminary findings 
of respiratory muscle training (RMT) are encouraging with 
potential benefits in alleviating dyspnea among cancer survi-
vors [10-17], the evidence of RMT efficacy for reducing dysp-
nea is still premature and large randomized controlled trials 
of RMT in cancer survivors are warranted. Given the preva-
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lence of dyspnea in cancer survivors, its detrimental effects 
on physical function and quality of life, its association with 
poor survival while effective treatments are limited [1, 2, 6], 
exploring other potentially effective therapies has important 
clinical implications for symptoms management in cancer sur-
vivorship. Herein, the current review paper aimed to explore 
the potential therapeutic role of RMT for dyspnea management 
in cancer survivors. The article outlines the evidence on the ef-
fectiveness of RMT on respiratory muscle function as potential 
mechanism to reduce dyspnea. The article summarizes the ex-
isting evidence on RMT in health and disease for dyspnea im-
provement, and systematically reviews the existing evidence 
of RMT on dyspnea in cancer survivors. Finally, the review 
proposes a scientific rationale for why and how RMT could 
potentially treat dyspnea in cancer, a principle that should be 
empirically tested in future large randomized controlled trials.

Respiratory Muscle Physiology and Mecha-
nisms of Dyspnea

The respiratory muscles are responsible for the air flow in (in-
spiration) and out of (expiration) the lungs [18, 19]. The primary 
muscle of inspiration is the diaphragm and additional muscles 
include the external intercostals, as well as accessory muscles 
including the sternocleidomastoid and the scalene muscles [19]. 
The primary muscles of expiration are the abdominal muscles: 
rectus abdominis, internal and external obliques and transver-
sus abdominis, and the internal intercostals as accessory mus-
cles. At rest, inspiration is an active process of the diaphragm 
and external intercostals muscles contraction, while expiration 
occurring primarily passively via elastic recoil of the lung and 
chest wall [19]. Respiratory physiology during physical exercise 
is quite different from resting state, since both inspiratory and 
expiratory processes are energy demanding especially at higher 
exercise intensities. The metabolic cost of breathing at rest is ap-
proximately 2% of total body oxygen (VO2) consumption, while 
during strenuous exercise it can rise up 10-15% of maximal VO2 
consumption (VO2max) [19]. In normal healthy individuals, the 
respiratory system including the respiratory muscles has been 
traditionally viewed as well capable to meet the physiological 
demands of exercise even at high intensity, whereas the respira-
tory muscles are highly resilient to fatigue [19]. However, res-
piratory muscle function could be impaired due to cancer treat-
ments and their associated toxicities, deconditioning, muscle 
atrophy, cardiopulmonary conditions, anemia and hypoxemia, 
conditions that are common in cancer survivors [20-23]. This 
can lead to reduced respiratory muscle strength and endurance, 
respiratory muscles fatigue during exercise and dyspnea on 
exertion [24, 25]. Studies that assessed direct physiological re-
sponses in cancer survivors supported this mechanism. Travers 
et al [26] measured the physiological responses at rest and dur-
ing cardiopulmonary exercise testing (CPET) between cancer 
survivors with different cancer types. The study compared can-
cer survivors with and without dyspnea to normal, age-matched 
healthy controls. This study showed that at peak exercise and 
for a given ventilation and oxygen uptake levels, dyspnea in-
tensity was greater in cancer survivors with dyspnea compared 

to those without and control groups. Peak oxygen uptake (a 
gold-standard measure of cardiorespiratory fitness (CRF)) was 
significantly lower among cancer survivors with dyspnea com-
pared to cancer survivors without dyspnea and healthy controls 
[26], which is a strong predictor of reduced survival [27, 28]. 
Breathing pattern was more rapid and shallow, and dyspnea 
was the primary reason for exercise termination among cancer 
survivors with dyspnea compared to cancer survivors without 
dyspnea and healthy controls. The authors concluded that in the 
absence of obstructive and restrictive lung disease in cancer sur-
vivors, respiratory muscle weakness is a possible mechanism 
for dyspnea [26]. Similarly, O’Donnell et al [29] compared 
breast cancer survivors to healthy age-matched controls. This 
study demonstrates a 20% lower peak VO2 and > 50% greater 
dyspnea intensity in the breast cancer group compared to con-
trols. In addition, the results showed that breast cancer survivors 
had lower respiratory and limb muscle strength and more rapid 
and shallow breathing pattern. The study concluded that breast 
cancer survivors have dyspnea and exercise intolerance due to 
multifactorial reasons including limb and respiratory muscle 
weakness and deconditioning [29].

The role of CRF in dyspnea

CRF plays an important role in dyspnea pathophysiology [30]. 
CRF reflects the integrated physiological capacity of the heart, 
lungs, and skeletal muscle to supply the required energy during 
maximal aerobic exercise, commonly termed maximal oxygen 
uptake (VO2max) [27, 31]. Poor CRF is a strong predictor of 
morbidity and mortality in many patient populations includ-
ing cancer survivors [27, 28], and has been demonstrated to 
be associated with dyspnea [30, 32, 33]. Unfortunately, cancer 
survivors typically present low CRF, which increases their risk 
for variety of adverse outcomes and high symptom burden [22, 
34]. For instance, a systematic review of 27 studies involv-
ing a total of 1,856 breast cancer survivors showed that the 
weighted mean VO2max in breast cancer survivors prior to ad-
juvant therapy was 24.6 mL/kg/min (17% lower than healthy 
sedentary women (29.7 mL/kg/min)). After completion of ad-
juvant therapy, weighted mean VO2max was 22.2 mL/kg/min, 
which is a 25% lower than healthy sedentary women [22]. An-
other systematic review of 28 studies involving patients with 
breast cancer, lung cancer, lymphoma, hematological cancers, 
prostate cancer and mixed cancer types reported that VO2max 
ranged between 16 and 25 mL/kg/min. These levels are 4% 
to 35% lower VO2max when compared with normal healthy 
references [34]. The mechanism in which low CRF (VO2max) 
can provoke dyspnea could be related to the reduced physi-
ological reserves and increased relative intensity of any given 
physical task [27, 30, 31]. Most activities of daily living such 
as walking and household work require energy of 2 - 5 meta-
bolic equivalent task (MET; 1 MET = 3.5 mL O2/kg/min), cor-
responding to 7 to 17.5 mL O2/kg/min [35]. For normal inde-
pendent function in activities of daily living, a minimum of 18 
mL/kg/min for men and 15 mL/kg/min for women of VO2max 
is necessary [27, 36]. Given the above mentioned low VO2max 
values among cancer survivors, it could be argued that many 
activities of daily living and leisure physical activity for these 
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patients would be considered as high intensity effort relative to 
their low VO2max, remaining them with low physiological re-
serves. A relative high intensity physical activity causes hyper-
ventilation response including exponential increase in minute 
ventilation and breathing frequency, which in turn could be 
perceived as dyspnea [31, 35]. Additionally, due to a low CRF 
and mitochondrial dysfunction, at any given physical work 
rate, lactate concentration levels and blood acidity will be 
higher. As a consequence to this increased metabolic acidosis, 
an earlier buffering response by bicarbonate will be present, 
resulting in higher carbon dioxide (CO2) levels, triggering a 
disproportional increase in ventilation and higher dyspnea per-
ception [30, 31, 35, 37]. Although dyspnea was not assessed 
as an outcome, and causality should not be drawn, a meta-
analysis of 48 randomized controlled studies, involving 3,632 
patients with different cancers demonstrated an increased CRF 
(+2.13 mL O2/kg/min) following supervised exercise training 
[38]. This powerful finding supports the potential of super-
vised exercise training for dyspnea improvement during activi-
ties of daily living, although interventional studies examining 
the effect on dyspnea as an outcome are needed.

Obesity and dyspnea

An additional important factor that may contribute to dyspnea 
among cancer survivors is obesity [39, 40]. Obesity is com-
monly defined as body mass index ≥ 30 kg/m2 [41], and its 
prevalence in the general adult population is approximately 
40% [42], with projection of reaching half of the US popula-
tion by 2030 [43]. Considerable body of literature indicates 
that obese individuals often present impaired respiratory mus-
cle function and dyspnea at rest and during physical exertion 
[39, 44]. Reduced inspiratory and expiratory muscle strength 
and inspiratory muscle endurance are documented in subjects 
with obesity [39, 44]. There are several potential mechanisms 
that can explain the role of obesity in dyspnea. These include 
obesity-related alterations in breathing mechanics and obesity-
related metabolic alterations of locomotion [31, 39, 40, 44]. 
Alterations in breathing mechanics could be related to exces-
sive fat mass in the abdominal and chest wall. The extra fat 
weight in the abdominal and chest areas increases the respira-
tory muscles load and work of breathing at any given level of 
ventilation, while requires higher metabolic demand (oxygen 
cost of breathing) and respiratory muscles effort [39, 40, 44]. 
In addition, adipose tissue encasing the chest and the abdomen 
decreases chest wall compliance (more stiffness), while plac-
ing the diaphragm and intercoastal muscles at a mechanical 
disadvantage. These impaired biomechanics further increase 
the mechanical load by inefficient respiratory muscles con-
traction, resulting in ventilatory constraints, especially dur-
ing exercise [31, 40, 44]. The elevated mechanical load on the 
respiratory muscles also increases a neural ventilatory drive, 
which can be perceived as dyspnea [40, 44]. Another potential 
mechanism that could contribute to dyspnea is obesity-related 
metabolic alterations of locomotion. Compared to people with 
normal weight, individuals with obesity have a metabolic dis-
advantage even in non-body weight bearing activities such as 

cycling on recumbent bicycle. During locomotion, the exces-
sive fat weight in the body and the limbs place an additional 
metabolic load on the active muscles at any given work-rate, 
decreasing the mechanical efficiency (oxygen consumption/
work rate). As a consequence, there is an earlier onset of meta-
bolic acidosis and increased buffering by bicarbonate, which 
results in higher CO2 levels, disproportionate increase in ven-
tilation, higher dyspnea perception and early exercise termina-
tion [31, 40].

RMT

RMT is a form of repetitive breathing exercises performed 
during inspiration, expiration or both [19, 45]. There are two 
main types of RMT: 1) The voluntary isocapnic hyperpnea, an 
endurance type of RMT; and 2) The resistive flow-dependent 
or pressure threshold loading, a strength type of RMT [19, 24, 
45, 46]. The voluntary isocapnic hyperpnea RMT typically in-
volves performing relatively high level of ventilation at rest for 
up to 30 min, aiming to improve respiratory muscle endurance. 
This regimen is carried out for 3 - 5 times per week for 3 - 5 
weeks at intensity of 50-90% of maximal voluntary ventila-
tion (MVV) [19, 24]. The resistive flow-dependent or pressure 
threshold loading RMT typically involves breathing exercise 
performed at rest while using a custom-built or a commer-
cially available device which provides resistance to inhalation 
(inspiratory muscle training (IMT)) or exhalation (expiratory 
muscle training (EMT)) or both, aiming to improve respiratory 
muscle strength [19, 45, 46]. The load is often set at 15% to 
70% of maximal inspiratory pressure (MIP) for IMT or maxi-
mal expiratory pressure (MEP) for EMT measured at baseline. 
The training regimen performed for 5 to 20 min per session, 
3 - 5 times per week for about 4 weeks [19, 45].

Effects of RMT in health and disease

Respiratory muscles have the capacity to adapt to repetitive 
stimuli similarly to other skeletal muscle [19, 45, 46]. In 
healthy individuals, systematic reviews and meta-analyses 
have demonstrated that RMT improves respiratory muscle 
strength and endurance as well as maximal oxygen consump-
tion primarily in less fit subjects [19, 46], providing the op-
portunity for the utilization among cancer survivors, as these 
patients present low fitness as well [22, 34]. The effect of RMT 
on physical performance is not different between endurance 
and strength type of RMT, while the combined IMT and EMT 
strength type of RMT showed 12.8% higher improvement than 
IMT alone [19, 46].

In patients with chronic obstructive pulmonary disease 
(COPD), a meta-analysis of 32 randomized controlled trials 
showed significant improvement in inspiratory muscle strength 
(MIP; +13 cm H2O), endurance time (+261 s), 6-min walking 
distance (+32 m) and quality of life (+3.8 units), while dyspnea 
was significantly reduced (Borg score -0.9 point; Transitional 
Dyspnea Index +2.8 units) after IMT interventions compared 
to control [47]. More recent meta-analysis of 14 randomized 
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controlled trials in patients with COPD showed that RMT im-
proved both daily dyspnea level (Medical Research Council 
Dyspnea Scale -0.38 units) and dyspnea during exercise (Borg 
Dyspnea Score -0.72 point) [48].

In patients with asthma, a meta-analysis of 11 randomized 
controlled studies (total of 270 participants) reported that 
IMT significantly improved inspiratory muscle strength (MIP 
+21.95 cm H2O, 95% confidence interval (CI): 15.05 - 28.85) 
[49]. While a quantitative meta-analysis for dyspnea outcomes 
was not possible, a qualitative analysis of five studies showed 
improvement in dyspnea based on Borg and Medical Research 
Council Scales. Three of the five studies showed significant 
association between increase in MIP and decrease in dyspnea, 
supporting the mechanism of increasing inspiratory muscles 
strength for reducing dyspnea as well as the potential role of 
IMT in dyspnea management. In addition, the analysis revealed 
a significant reduction in fatigue following the IMT interven-
tion [49], a symptom that is most common among cancer sur-
vivors [50], and could be potentially improved with IMT.

A recent meta-analysis in patients with heart failure includ-
ing 13 randomized controlled studies (n = 342) (10 IMT alone 
and three IMT combined with other interventions) demonstrated 
a significant improvement in inspiratory muscle strength (MIP 
+25.12 cm H2O, 95% CI: 15.29 - 34.95) [51]. Although only 
few of these studies assessed the effect of IMT on dyspnea, one 
study of combined IMT and aerobic exercise has demonstrated 
a significant reduction in dyspnea after the intervention. Despite 
this limited evidence on the beneficial effect of IMT on dysp-
nea, this meta-analysis robustly demonstrated an improvement 
in CRF, functional capacity and quality of life, suggesting clini-
cal improvement using IMT for this patient group [51].

In patients undergoing thoracic surgery, a network meta-
analysis of 25 studies, involving 2,070 patients, compared 
RMT to aerobic exercise training on post-operation outcomes 
[52]. The study showed RMT resulted in lower odds ratio of 
post-operation complications (0.33), respiratory failure (0.22) 
and reduction in length of hospitalization (-1.69 days) com-
pared to control. The effect of RMT was similar to aerobic 
exercise training for these outcomes [52], providing an oppor-
tunity for safe and effective low-cost, low resources interven-
tion. Additionally, considering the fact that most patients diag-
nosed with solid tumors will undergo some surgical procedure 
[50], RMT could be integrated during the pre-operative wait-
ing window to optimize post-operative outcome.

In patients with lung cancer undergoing curative lung re-
section surgery, a meta-analysis of 10 studies (eight included 
both IMT and aerobic exercise) showed that preoperative IMT 
compared with controls decreased the length of hospitalization 
(-3.44 days) and the effect was further enhanced when IMT 
was combined with aerobic exercise [53]. Preoperative IMT 
reduced the likelihood of developing pneumonia and post-op-
eration complications by 63% and increased functional capac-
ity in 6-min walking distance (+20.2 m) [53].

Efficacy of RMT on dyspnea in cancer survivors

A systematic literature search of three electronic databases 
(MEDLINE/PubMed, Web of Science and EBSCO) was con-

ducted according to Preferred Reporting Items for Systematic 
reviews and Meta-Analyses (PRISMA) guidelines through 
February 4, 2024 [54]. The search strategy was created consid-
ering terms related to the effect of intervention (RMT) and the 
outcome of interest (dyspnea) in cancer survivors. Utilizing the 
following keywords: “respiratory muscle training” OR “inspir-
atory muscle training” OR “expiratory muscle training” AND 
“cancer” OR “cancer survivors” OR “patients with cancer” 
AND “dyspnea” OR “breathless” OR “shortness of breath”, 
relevant publications were extracted. Quality of the studies 
was assessed using the National Heart, Lung, and Blood Insti-
tute’s tailored quality assessment tools [55, 56]. A total of 76 
articles were identified through initial literature search. After 
reviewing titles/abstracts and full-text studies, 66 articles were 
excluded due to not meeting the eligibility criteria. Ten stud-
ies (randomized controlled trials (n = 7), controlled but not 
randomized controlled trial (n = 1) and single arm studies (n 
= 2)) assessing the effect of RMT on dyspnea in patients with 
cancer were included in the current review (Fig. 1). Although 
dyspnea was a secondary outcome in these studies, a risk of 
bias was relatively low and most studies had a good quality 
(Supplementary Material 1, www.wjon.org).

While strong evidence for the beneficial effect of RMT on 
dyspnea in cancer survivors is scarce, preliminary data sup-
port its potential therapeutic value (Table 1) [10-17, 57, 58]. A 
small pilot, single group study has demonstrated a beneficial 
effect of 4-week RMT on dyspnea in cancer survivors (lung, 
n = 5 and breast, n = 5) [10]. Both Baseline Dyspnea Index 
(+1.2 units) and Transitional Dyspnea Index (+5.1 units) were 
significantly improved following the RMT intervention [10]. 
A small randomized controlled pilot study has shown that an 
addition of RMT to standard 12-week exercise training im-
proved dyspnea in daily life (Transitional Dyspnea Index +2.9 
points) among 19 breast cancer survivors [11]. A randomized 
controlled study of 40 patients with non-small-cell lung cancer 
undergoing lobectomy has shown significant improvement in 
dyspnea following 3 weeks of preoperative pulmonary reha-
bilitation combined with breathing exercises but not specifi-
cally RMT [12]. Patients in the rehabilitation group reduced 
their dyspnea after the intervention (Borg dyspnea -0.7 units) 
and remained with significantly lower post-operation scores 
compared to the usual care control group (Borg dyspnea 2 ver-
sus 3.1 points) [12]. A pilot randomized controlled trial of 46 
patients with clinically stable lung cancer has shown dyspnea 
improvement after IMT intervention [13]. The experimental 
group performed five IMT sessions weekly for 12 weeks, 
while the control group continued with usual care. At 12-week 
time point, a significant difference (-0.8 points) was found be-
tween the groups in modified Borg Dyspnea Scale, suggesting 
the efficacy of IMT for reducing dyspnea [13].

A pilot investigation (single group) evaluated the efficacy 
of 4 weeks EMT among six patients with head and neck can-
cers who underwent laryngectomy. This study showed 38% 
reduction in dyspnea (-2.3 units in dyspnea index) after the 
intervention [16]. Recent, large controlled (not randomized) 
study (66 hospitalized stable patients with lung cancer) dem-
onstrated a significant reduction in dyspnea on exertion after 
2 weeks intervention. The intervention group participated in 
IMT + exercise therapy (30 breathes twice daily at 30-40% of 
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MIP + 20 - 40 min exercise therapy 5 days/week for 2 weeks), 
while the control group received exercise therapy alone. The 
mean difference between the groups following the interven-
tion was -1 unit on modified Borg Dyspnea Scale, suggesting 
beneficial therapeutic effect of IMT [17]. However, a virtual 
telemedicine pilot randomized controlled study found no im-
provement in dyspnea among 22 patients with lung cancer. 
Patients randomly received either IMT + walking or educa-
tional intervention. The IMT + walking group participated in 
six video conferences (every 2 weeks for 12 weeks) instructing 
to perform 10 - 15 min of IMT twice daily for 5 days/week + 
to walk four times a week. The control group participated in 
video conferences with general education on the benefits of 
exercise. After both 6 and 12 weeks, no difference in dyspnea 
score was observed between the groups [57].

Three randomized controlled trials evaluated the effect of 
RMT on dyspnea in patients undergoing hematopoietic stem 
cell transplantation [14, 15, 58]. While two studies demon-
strated positive effect of IMT + rehabilitation exercise versus 
exercise alone on dyspnea reduction [14, 15], one study found 
only a trend towards dyspnea reduction with IMT but did not 
reach statistically significant difference between the groups 
[58]. A possible explanation could be that in the latter study, 
patients were hospitalized with more severe acute condition, 
where complementary aerobic exercise was performed at low-
er volume and intensity [58].

Given the importance of dyspnea in cancer survivorship, 
ongoing studies including from our group are currently in 
the process. These include “Inspiratory muscle training and 
behavioral support to alleviate dyspnea and promote walk-

ing in lung cancer survivors: a pilot study” (NCT05059132), 
“Respiratory muscle training before surgery in preventing 
lung complications in patients with stage I-IIIB lung cancer” 
(NCT04067830) and “Inspiratory muscle training in obese 
breast cancer survivors” (NCT05193149) (ClinicalTrials.gov).

Taken together, the existing evidence from randomized 
controlled trials, controlled study and single arm intervention-
al studies supports the potential efficacy of RMT on dyspnea 
reduction in cancer survivors. In particular, the efficacy was 
pronounced when RMT was combined with other modalities 
of rehabilitative exercise and delivered in a supervised, in-per-
son fashion. However, given the variation and some inconsist-
ency in the study outcomes, large randomized controlled trials 
assessing dyspnea as primary outcome in survivors with dif-
ferent cancer types are warranted to establish the therapeutic 
efficacy of RMT on dyspnea in cancer survivors.

The Rationale for Integrating RMT in Dyspnea 
Management of Cancer Survivors

As previously stated, dyspnea is highly prevalent among can-
cer survivors, it is associated with increased mortality risk, 
causing functional limitations, compromising mental health, 
and resulting in avoidance of physical activity and poor qual-
ity of life [1, 2, 4]. Effective therapeutic options are limited, 
and pharmacological interventions have unclear benefits [2]. 
There are multifactorial reasons for dyspnea in cancer survi-
vors [2, 4, 6, 7]; however, physiological objective data indicate 
that weakness and fatigue of respiratory muscles could play a 

Figure 1. PRISMA flow diagram of literature search and studies selection.
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mechanistic role in dyspnea among cancer survivors [6, 24-
26, 29]. Moreover, obesity, low CRF and physical inactivity 
are highly prevalent among cancer survivors [59], factors that 
further exacerbate dyspnea [6]. While only preliminary data 
exist on the efficacy of RMT among cancer survivors [10-13], 
robust evidence in healthy and diseased populations has dem-
onstrated the efficacy of RMT to increase inspiratory muscle 
strength and reduce dyspnea [19, 45-47, 49, 51]. Achieving 
higher strength and endurance of respiratory muscles with 
RMT can improve the fatigability resilience of these muscles, 

decrease the relative mechanical effort of breathing and re-
duce the perception of dyspnea (Fig. 2) [19, 45-47, 49, 51]. 
Since RMT has an excellent safety profile along with a poten-
tial mechanism of reducing dyspnea by enhancing respiratory 
muscle function, integrating this training modality in cancer 
survivorship and cancer rehabilitation could be clinically valu-
able for patients with cancer and dyspnea complaints [19, 45-
47, 49, 51]. In addition, most RMT devices are easy to use, 
have low costs and can be utilized in home-based/limited su-
pervision interventions, which further support their feasibility, 

Table 1.  Studies on Respiratory Muscle Training in Cancer Survivors

Study Cancer patients Intervention Outcomes
Ray et al, 2017 [10]
Single arm intervention

Breast (n = 5) 
and lung (n = 5)

Respiratory muscle training including both 
inspiratory and expiratory muscles (once a week 
supervised session + twice a week home-based).
Three sets of 15 repetitions, three 
times a week for 4 weeks.

Reduction in dyspnea
Baseline Dyspnea 
Index (+1.2 units)
Transitional Dyspnea 
Index (+5.1 units)

Dahhak et al, 2022 [11]
Randomized controlled trial

Breast (n = 19) Twelve-week exercise training + inspiratory 
muscle training versus exercise training alone.

Reduction in dyspnea
Transitional Dyspnea Index (+2.9)

Stefanelli et al, 2013 [12]
Randomized controlled trial

Non-small cell 
lung cancer 
(n = 40)

Three weeks 5 days a week preoperative 
pulmonary rehabilitation combined with 
breathing exercises but not specifically 
respiratory muscle training versus usual care.

Reduced dyspnea
Borg Dyspnea Scale (-1.1 units)

Molassiotis et al, 2015 [13]
Randomized controlled trial

Stable lung 
cancer (n = 46)

Inspiratory muscle training, 30 min a 
day, 5 days a week for 12 weeks.

Reduction in dyspnea
Modified Borg Dyspnea 
Scale (-0.8 units)

Sakai et al, 2023 [17]
Controlled trial

Hospitalized 
stable lung 
cancer (n = 66)

Inspiratory muscle training + exercise therapy, 
30 breaths twice a day at 30-40% of maximal 
inspiratory pressure + 20 - 40 min exercise 
therapy, 5 days a week for 2 weeks.

Reduction in dyspnea on exertion
Modified Borg Dyspnea 
Scale (-1 units)

Palmer et al, 2019 [16]
Single arm intervention

Head and 
neck cancer
(n = 6)

Expiratory muscle training for 4 weeks Reduction in dyspnea by 38% 
in Dyspnea Index (-2.3 units)

Ha et al, 2023 [57]
Randomized controlled trial

Lung cancer 
(n = 22)

Virtual telemedicine-based inspiratory muscle 
training + walking intervention, inspiratory muscle 
training 10 - 15 min twice daily 5 days a week + 
walking four times a week for a total 12 weeks. 
Video conferences were every 2 weeks (six in total).

No significant difference 
in dyspnea versus control 
group (education only)

de Almeida et al, 2020 [58]
Randomized controlled trial

Hospitalized 
hematopoietic 
stem cell 
transplantation 
(n = 31)

Physical rehabilitation (aerobic exercise) + 
inspiratory muscle training (40% of maximal 
inspiratory pressure, 10 - 20 min, 5 days/week).

Trend towards lower 
dyspnea prevalence in the 
intervention group but did 
reach statistically significant 
difference versus control group 
(aerobic exercise only)

Bargi et al, 2016 [14]
Randomized controlled trial

Allogenic 
hematopoietic 
stem cell 
transplantation 
(n = 38)

Inspiratory muscle training (40% of maximal 
inspiratory pressure, 30 min/day, 7 days/week for 
6 weeks) vs. sham (5% of maximal inspiratory 
pressure, 30 min/day, 7 days/week for 6 weeks).

Reduction in dyspnea
Modified Borg Dyspnea 
Scale (-0.11 units)

Bayram et al, 2023 [15]
Randomized controlled trial

Hematopoietic 
stem cell 
transplantation 
(n = 30)

Pulmonary rehabilitation (resistance training) 
+ inspiratory muscle training (30% of maximal 
inspiratory pressure, 8 - 10 diaphragmatic breathings, 
two session/day, 5 days/week) vs. aerobic exercise 
10 - 30 min for upper body 5 days/week).

Reduction in dyspnea
Modified Borg Dyspnea 
Scale (-0.9 units)
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practical application and integration in clinical and research 
settings for cancer survivors.

Methodological Consideration of Dyspnea 
Evaluation

A comprehensive dyspnea evaluation is beneficial for RMT 
intervention efficacy assessment prior to integration in cancer 
survivorship [60, 61]. Dyspnea is a complexed multidimen-
sional symptom that warrants evaluation of sensory-perceptual 
experience (subjective report of the breathing), affective dis-
tress (unpleasantness of breathing), and impact or burden on 
functional ability or activity of daily living and quality of life) 
as recommended by American Thoracic Society [1, 3]. Dysp-
nea is moderately linked to pain, and commonly co-occurs 
with fatigue, anxiety and depression, encompassing physi-
ological, psychological and emotional factors, which further 
challenge its evaluation [1, 61]. Although many instruments 
and scales are available for dyspnea evaluation, only few have 

been studied in patients with cancer to comprehensively as-
sess the sensory-perceptual experience, affective distress and 
impact [3, 60, 61]. An important consideration for utilizing 
any instrument is its ability to diagnose/characterize dyspnea 
versus its responsiveness of detecting change over time with 
intervention [60, 61]. While, Baseline Dyspnea Index, Transi-
tional Dyspnea Index and Borg Dyspnea Scale showed respon-
siveness to RMT interventions [10-13], their validity in cancer 
survivor has yet to be established [60, 61].

Several dyspnea instruments have been validated for 
patients with cancer [61]: Cancer Dyspnea Scale (CDS), 
the Dyspnea-12 (D-12) and Total Dyspnea Scale for Cancer 
(TDSC) [61]. CDS is a 12-item patient-reported outcome 
measure of perceived breathlessness. The CDS was studied 
among lung cancer patients and was validated for other can-
cers as well. The scale is divided into three factors related to 
“sense of anxiety”, “sense of effort” and “sense of discom-
fort”. The scale was cross-culturally validated and showed 
good to excellent internal consistency and good test-rest re-
liability. The CDS showed moderate to high correlation with 

Figure 2. Mechanisms of dyspnea in cancer and the potential therapeutic role of respiratory muscles training for dyspnea man-
agement.
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Visual Analogue Scale-Dyspnea (VAS-D) and modified Borg 
Dyspnea Scale, although responsiveness to interventions is yet 
to be appraised [61]. The D-12 is a 12-item patient-reported 
outcome scale, developed to assess dyspnea severity in cardio-
pulmonary and cancer diseases. D-12 is divided into two fac-
tors called “physical” and “affective” which describes physical 
and mental breathlessness components [61]. D-12 scale was 
cross-culturally validated, has demonstrated good to excellent 
internal consistency and moderately to strongly correlated with 
dyspnea severity (modified Borg Dyspnea Scale) and (modi-
fied Medical Research Council Dyspnea Scale). In addition, a 
moderate correlation was found between D-12 and measures 
related to physical status, psychological status, quality of life, 
and activities of daily living. However, responsiveness to in-
terventions is very low [61]. TDSC is an 11-item patient-re-
ported outcome for cancer patients. The scale is a comprehen-
sive measure of dyspnea and its impact on activities of daily 
living. TDSC is composed of two factors (effects on activities 
of daily living and psychology, and effects on social activity). 
The scale has a good to excellent internal consistency, has a 
strong correlation with CDS and a moderate correlation with 
quality of life and psychological status. Responsiveness to in-
terventions of TDSC is unknown [61]. The minimal clinically 
important difference (MCID) for interventions was established 
for the D-12 scale only and included patients with cardiorespi-
ratory diseases but not with cancer. The MCID for D-12 is 2.8 
points for interventions ranging from 2 to 6 months [62, 63].

CPET

CPET is a gold-standard tool for evaluation of unexplained ex-
ertional dyspnea and direct measure of CRF (VO2max), a strong 
predictor of survival including in patients with cancer [27, 28, 
30, 31, 64]. Directly measured variables from CPET enable to 
distinguish between cardiopulmonary and muscles limitations 
to exercise and assist to identify the cause of exertional dyspnea. 
Despite the overwhelming evidence on the utility of CPET in 
diagnosis, prognosis and treatment efficacy evaluation, CPET is 
underutilized in oncology and cancer survivorship settings and 
is not a standard of care [2, 30, 31, 64]. Thus, referring cancer 
survivors who complain on dyspnea to CPET combined with 
pulmonary function test and respiratory muscle strength testing 
(MIP and MEP) could be valuable for identifying the cause of 
dyspnea to inform and optimize the treatment [30, 31, 64].

Future Research Directions and Conclusions

In patients with cardiopulmonary diseases, the scientific clini-
cal literature on the efficacy of RMT in reducing dyspnea is 
compelling [19, 45-47, 49, 51]. However, in patients with can-
cer, the evidence for RMT efficacy is preliminary, insufficient 
and with many gaps [10-13, 65]. Randomized controlled trials 
of RMT interventions are warranted in patients with different 
types of cancer and dyspnea. Evidence on the efficacy of RMT 
in reducing dyspnea in cancer survivors with and without res-
piratory muscle weakness seems to be an important topic for 

investigation, since RMT may be therapeutically beneficial for 
dyspnea even in patients with normal respiratory muscle func-
tion. While evaluation instruments of dyspnea have been devel-
oped and studied in patients with cancer, establishing MCID for 
these tools in cancer survivors is an important clinical research 
goal. In addition, studying different RMT protocols such as IMT 
vs. IMT + EMT, varying frequencies and intensities of RMT 
and combination of strength and endurance RMT could provide 
more insights for optimization of this intervention to reduce 
dyspnea. Finally, given the mechanisms of dyspnea, the robust 
evidence on the health benefits of supervised exercise training in 
patients with cancer [23, 66-68], the supportive evidence for su-
perior outcomes in combining exercise with RMT [11, 12, 51], 
rigorously studying this combination in cancer survivors is an 
important future research direction for cancer care.

In summary, dyspnea is a prevalent and debilitating symp-
tom among cancer survivors, associated with increased mor-
tality risk, mental health compromises, functional limitations 
in activity of daily living and poor quality of life. Effective 
evidence-based, therapeutic options are limited. RMT is a 
well-established form of training having strong evidence for 
improving respiratory muscle function and alleviating dyspnea 
primarily in patients with pulmonary diseases. Physiological 
mechanistic studies and preliminary interventional evidence 
support the potential therapeutic effects of RMT in reducing 
dyspnea for cancer survivors. However, large randomized con-
trolled trials examining the effect of RMT alone and in com-
bination with supervised exercise training are necessary for 
evidence-based recommendations to integrate RMT in dysp-
nea management for cancer survivors.

Supplementary Material

Suppl 1. NHLBI Study Quality Assessment Tools 2021.
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