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BMC Cancer

Effectiveness of non‑pharmacological 
interventions in managing symptom clusters 
among lung cancer patients: a systematic 
review
Qiuhong Chen1, Yonglin Li1, Yiyang Lin1, Xiujing Lin1, Rachel Arbing2, Wei‑Ti Chen2* and Feifei Huang1* 

Abstract 

Background  Non-pharmacological interventions, as complements to pharmacological treatments, are widely 
employed for managing symptom clusters in patients with lung cancer. Although numerous systematic reviews 
and meta-analyses have explored the effects of these interventions, most studies have centred on the broader cancer 
population and specific symptom clusters. This review aims to consolidate existing non-pharmacological interven‑
tions and assess their effectiveness in managing symptom clusters among lung cancer patients.

Methods  A comprehensive literature search, encompassing eight databases from inception to October 1, 2024, 
was conducted. Two independent reviewers carried out the study selection, quality assessment, and data extraction. 
Methodological quality was evaluated using the Cochrane Risk-of-Bias 2 tool and the Risk of Bias in Non-randomized 
Studies of Interventions. The findings were synthesized narratively based on intervention type and supplemented 
by meta-analysis using RevMan 5.4 software. The study protocol was registered with PROSPERO (CRD42023467406).

Results  This systematic review comprised 15 relevant studies involving 1,692 patients, published between 2011 
and 2024. The analysis revealed the effectiveness of psychological, educational, and complementary or alternative 
medicine interventions in alleviating the severity of most symptom clusters. However, the efficacy of exercise-based 
and multimodal interventions remained inconclusive. The meta-analysis demonstrated a positive impact of non-
pharmacological interventions on depression compared with the control conditions (SMD = -0.30, 95% CI [-0.46, 
-0.15], p < 0.01, I2 = 6%). Additionally, the educational intervention subgroup showed low heterogeneity and effectively 
improved fatigue (SMD = -0.50, 95% CI [-0.68, -0.33], p < 0.01, I2 = 0%).

Conclusions  Psychological and educational interventions have proven effective in managing symptom clus‑
ters in lung cancer patients. However, further research is needed to explore the effects of exercise, multimodal 
approaches, and complementary or alternative medicine. To enhance symptom management, future research could 
focus on core symptom clusters.

Keywords  Lung cancer, Non-pharmacological intervention, Symptom cluster, Symptom management, Systematic 
review, Meta-analysis
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Introduction
Among all cancers, lung cancer has the highest mortal-
ity rate and the second-highest incidence rate, remaining 
a significant global health threat that places a burden on 
individuals and their families [1]. While advancements in 
treatment have led to improved survival rates [2], both 
lung cancer itself and its treatment can result in a range 
of unpleasant symptoms that are reported daily by lung 
cancer patients and health professionals [3]. These symp-
toms may occur simultaneously as a cluster, meaning 
that two or more interrelated, relatively stable symptoms 
co-occur [4, 5]. The symptoms experienced by lung can-
cer patients are diverse, with common symptom clusters 
including psychological, gastrointestinal, respiratory, and 
fatigue-related symptoms. As the disease and treatment 
progress, the severity, trajectory, and symptom composi-
tion of each symptom cluster undergo dynamic changes 
[6]. An eight-year prospective cohort study by Cheville 
et al. [7] showed that fatigue, dyspnoea and cough were 
persistent symptom clusters up to 5 years after the diag-
nosis of lung cancer.

While there is currently no unified consensus on the 
specific symptom cluster experienced by lung cancer 
patients, empirical evidence has shown that the syner-
gistic effect of symptoms in the cluster leads to a greater 
negative impact on patients than a single symptom [8]. 
These symptom clusters can result in adverse side effects, 
including the interruption of functional ability, impaired 
role and social relationships, and the exacerbation of 
underlying illnesses [9]. These factors ultimately lead to 
a decrease in quality of life (QOL) and a worsened prog-
nosis [10, 11]. Therefore, the effective management of 
symptom clusters among lung cancer patients is a prior-
ity in oncology. Compared with drug therapy, non-phar-
macological treatment has the advantages of high safety, 
large economic benefits and long-term availability. In 
addition, non-pharmacological intervention programs 
can be designed on the basis of patient preferences and 
abilities, making them more acceptable [12]. As a result, 
an increasing number of non-pharmacological interven-
tions, complementing pharmacological approaches, have 
been employed to manage symptom clusters in patients 
with lung cancer [13, 14].

However, there is some disagreement as to whether 
non-pharmacological interventions are effective for treat-
ing symptom clusters in lung cancer patients. While some 
original studies [15–17] reported a positive impact of non-
pharmacological interventions on reducing the severity of 
symptom clusters in lung cancer patients, Chen et al. [18], 
Cheung et al. [19], and Molassiotis et al. [20] found no sig-
nificant differences between the intervention and control 
groups. In addition, the diversity of non-pharmacological 
interventions makes it difficult to determine the efficacy of 

a certain element. Therefore, it is important to assess the 
value of non-pharmacological interventions in the manage-
ment of lung cancer symptom clusters using an evidence-
based approach. This can not only provide a comprehensive 
and systematic evidence base and reduce bias and error but 
also guide the formulation and application of non-pharma-
cological intervention programs for lung cancer patients, to 
alleviate their symptom burden and improve their symp-
tom management ability.

Currently, systematic reviews predominantly focus on 
cancer populations in general, with particular emphasis 
on specific breast cancer populations, and are primarily 
concerned with evaluating specific symptom clusters. For 
instance, So et  al. [21] categorized non-pharmacological 
interventions into body-based, cognitive-behavioural, and 
educational interventions. These factors were observed to 
reduce the severity of symptom clusters and enhance the 
QOL and functional ability of cancer patients. A meta-
analysis of 10 studies provided preliminary evidence sup-
porting the benefits of qigong interventions for sleep 
disturbance-related symptom clusters in cancer patients 
[22]. Wong et  al. [23], in their study encompassing 16 
studies, concluded that various non-pharmacological 
interventions were effective in treating the fatigue-sleep 
disturbance-depression symptom cluster in breast cancer 
patients undergoing chemotherapy.

In terms of lung cancer-related studies, only one sys-
tematic review was found. Yorke et  al. [24] assessed the 
effectiveness of non-pharmacological interventions in 
alleviating respiratory symptoms, such as breathlessness, 
cough, and haemoptysis, in lung cancer patients. How-
ever, this review focused solely on interventions for one 
symptom cluster and was published a decade ago, exclud-
ing more recent studies, particularly those from Asia. Cur-
rently, no systematic review has provided a comprehensive 
overview of the effectiveness of non-pharmacological 
interventions in managing symptom clusters in patients 
with lung cancer.

Therefore, this study aimed to review currently avail-
able non-pharmacological interventions and assess their 
effectiveness in managing symptom clusters in lung cancer 
patients. We addressed the following questions: (1) What 
are the current non-pharmacological interventions for lung 
cancer symptom clusters? (2) What is the effectiveness of 
non-pharmacological interventions in managing symptom 
clusters and single symptoms in lung cancer patients?

Methods
The protocol for this review was registered with PROS-
PERO under reference number [CRD42023467406]. It 
adheres to the Preferred Reporting Items for Systematic 
Reviews and Meta‐Analyses (PRISMA) statement [25].
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Eligibility criteria
The PIPOST model [26] was used, as follows.

P (Participants)
Inclusion criteria: Patients with lung cancer, aged 
18 years or above.

I (Intervention)

Inclusion criterion
Non-pharmacological interventions such as psychoeduca-
tional, exercise, and cognitive-behavioural interventions.

Exclusion criterion
Studies involving pharmacological interventions, either 
implemented alone or in combination with non-phar-
macological interventions.

P (Professional)

Inclusion criteria
Nursing staff, physicians, therapists, or other health 
care provider.

O (Outcome)

Inclusion criteria
Primary outcomes were symptom clusters identified 
by occurrence, frequency, intensity, or distress, and 
measured by multi-dimensional symptom or individ-
ual symptom questionnaires. The secondary outcomes 
included QOL, functional ability, physical performance, 
one-year survival, length of hospital stay, mood state, 
activity levels, circadian rhythms, global health status, 
anxiety and depression, and cancer symptoms (pain, 
fatigue, nausea, sleep disturbance, distress, shortness of 
breath, difficulty remembering, lack of appetite, drows-
iness, dry mouth, sadness, vomiting, and numbness).

S (Setting)

Inclusion criteria
Hospitals (including wards and outpatient clinics), spe-
cialist cancer centres, mental health clinics, communi-
ties, or families.

T (Type of evidence)

Inclusion criteria
Randomized controlled trials (RCTs) or quasi-experi-
mental trials.

Exclusion criteria
Conference abstracts, reviews, editorials, dissertations, 
letters, books, unpublished manuscripts, etc.; duplicate 
studies: for studies published with the same or different 
titles, or in more than one journal, the most updated ver-
sion was considered; studies that had insufficient data or 
were unavailable in full text after contacting the original 
authors; or studies reported in languages other than Eng-
lish or Chinese.

Search strategy
A comprehensive literature search was conducted in 
October 2024. Eight databases were utilized in this 
search: PubMed, Web of Science, EMBASE, CINAHL, 
Cochrane Library, China National Knowledge Infrastruc-
ture, Wanfang database, and VIP Database for Chinese 
Technical Periodicals. We considered studies published 
from the inception of the database to October 1, 2024. 
To ensure that no relevant literature was overlooked, a 
supplementary search was also carried out on Google 
Scholar, and a snowball search was performed by screen-
ing the reference lists of all pertinent studies. Appendix 1 
presents the search strategy for PubMed.

Study selection
After removing duplicate articles using the reference 
management software Endnote 20, two researchers inde-
pendently screened titles and abstracts to determine the 
inclusion or exclusion of these studies on the basis of 
established criteria. The full texts of these potentially eli-
gible studies were then retrieved and reassessed by the 
researchers. Any disagreement between the two review-
ing researchers regarding study eligibility was resolved 
through discussion with a senior researcher. The overall 
weighted kappa coefficient was 0.743 (p < 0.05).

Quality assessment
After two rounds of screening, two independent 
researchers assessed the quality of the identified studies. 
The Cochrane Risk-of-Bias 2 (RoB 2) tool for randomized 
trials and the Risk-of-Bias in Non-randomized Studies 
of Interventions (ROBINS-I) tool for quasi-experimen-
tal trials were utilized. RoB 2 evaluates bias risk in five 
domains: randomization, intervention adherence, out-
come data completeness, outcome measurement, and 
result reporting [27]. In each domain, reviewers classi-
fied bias as “low risk”, “high risk”, or “some concerns”. The 
ROBINS-I assesses bias across seven domains: confound-
ing, participant selection, intervention classification, 
adherence to interventions, missing data, outcome meas-
urement, and result reporting [28]. Reviewers assigned 
bias levels as “low risk”, “moderate risk”, “serious risk”, or 
“critical risk” in each domain. Any disagreements were 
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resolved through discussion or with the assistance of a 
senior researcher. The overall weighted kappa coefficient 
was 0.755 (p < 0.05). See Appendices 2–3 for findings 
related to the study quality assessments.

Data extraction and summary
Two independent researchers extracted the following 
data from the original articles: author, year of publication, 
country, study design, study setting, participant charac-
teristics, symptom clusters, intervention characteristics, 
control group details, outcome measures, measurement 
timepoints, findings within groups, and information on 
adverse events. Any discrepancies were addressed by 
consulting the original literature or through discussion 
with a senior researcher.

Data analysis
The findings were categorized based on types of inter-
ventions and reported outcomes and then summarized 
and synthesized into a narrative format. In synthesizing 
data across studies, effect sizes were standardized and 
expressed as Cohen’s d, which quantifies the difference 
in means between the intervention and control groups. 
We followed Cohen’s conventions [29] for interpreting 
effect sizes: 0 < Cohen’s d ≤ 0.2 indicated a small effect, 
0.2 < Cohen’s d ≤ 0.8 indicated a medium effect, and 
Cohen’s d > 0.8 indicated a large effect.

We conducted a meta-analysis to evaluate the effects 
of non-pharmacological interventions on individual 
symptoms using Review Manager (RevMan) software 
(version 5.4). Given the high heterogeneity in the meas-
urement tools among the included studies, we employed 
the standardized mean difference (SMD) and 95% con-
fidence interval (CI) to aggregate the results. Statisti-
cal significance was considered at p < 0.05. The I2 test 
was utilized to assess heterogeneity [30]. If p > 0.1 and 
I2 < 50%, the included studies were deemed homogeneous 
and the pooled results were analyzed using a fixed-effects 
model. Conversely, if I2 > 50%, a high degree of heteroge-
neity between studies was indicated which necessitated 
an exploration of its potential sources through sensitivity 
and subgroup analyses. In this study, subgroup analyses 
were grouped according to intervention type. Since the 
time points of measurement varied across studies, we 
retained the final measurement for the meta-analysis of 
studies that included multiple time points. In addition, 
to assess publication bias, we mapped funnel plots for 
the outcomes of 10 or more included studies by RevMan 
software and performed Egger’s regression tests using 
Stata software (version 17.0), with p-values < 0.05 consid-
ered statistically significant publication bias.

Results
Search results
A total of 4,918 citations were identified in the ini-
tial search. After removing duplicates, 4,380 studies 
remained. Following the screening of titles and abstracts, 
4,290 studies were excluded due to inconsistency in study 
types, irrelevance to the topic, or ineligible populations. 
Upon reviewing the full texts of the remaining 90 stud-
ies, 61 were subsequently removed. One study was sup-
plemented by a snowballing search. The quality of the 
remaining 30 studies was assessed, leading to the exclu-
sion of 15 studies that were rated as having a high risk of 
bias. Ultimately, 15 studies were included, comprising 7 
RCTs rated as low risk for bias and 6 RCTs rated as some 
concern of bias, and 2 quasi-experimental studies rated 
as low risk or moderate risk of bias. The PRISMA flow 
chart illustrating this process is shown in Fig. 1.

Study characteristics
The 15 studies included in this review were published 
between 2011 and 2024, with 60% (n = 9) appearing in 
the last five years (2020 to 2024). The majority of stud-
ies employed an RCT design (n = 13, 87%). Eight stud-
ies were conducted in mainland China, two in the Hong 
Kong Special Administrative Region of China, two in 
England, and the remaining three in Vietnam, Thailand, 
and Taiwan, China. Five of the studies were conducted 
in outpatient settings, including radiotherapy outpatient 
clinics, oncology and respiratory medicine outpatient 
clinics, as well as psychological nursing clinics. Twelve 
were single-centre studies and the remaining three were 
multi-site studies.

Furthermore, the 15 included studies encompassed 
a total of 1,692 participants, with sample sizes ranging 
from 30 to 263. The average age of the participants var-
ied, ranging from 45.15 (SD = 4.34) to 69.5 (SD = 10.20) 
years. The majority of participants had advanced-stage 
lung cancer (stage III or IV). In terms of treatment meth-
ods, chemotherapy was the most commonly adopted 
approach, followed by surgery and radiotherapy. Further 
details about the characteristics of the included studies 
can be found in Table 1.

Intervention characteristics
Nine studies employed individual interventions, two 
utilized group interventions, and the remaining four 
employed a combination of both individual and group 
approaches. With respect to interventionists, eight stud-
ies (53%) exclusively utilized nurses, whereas the other 
studies involved professional athletic coaches or multidis-
ciplinary teams. The minimum duration of intervention 
was one-week, whereas the maximum duration spanned 
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six-months. The frequency of interventions ranged from 
two to 36 sessions. Six studies followed patients for vary-
ing durations, ranging from 3 weeks to 9 months after the 
intervention. All studies employed face-to-face interven-
tions, with approximately 86% (n = 12) incorporating tel-
ephone follow-ups and 29% (n = 4) utilizing the WeChat 
platform for communication. Five studies designed inter-
ventions based on established theories, models, or frame-
works. For instance, Khamboon and Pakanta [15], and Li 
et  al. [35] developed cognitive-behavioural intervention 
programs utilizing Symptom Management Theory and 
Ellis’s “ABC” theory, respectively. Chan et al. [31] devised 
an analytical model to elucidate the connection between 
psychoeducational interventions and their outcomes. 
Yorke et al. [32, 33] applied the Medical Research Coun-
cil framework to create and assess complex interven-
tions. The full intervention characteristics of the studies 
included in this review are detailed in Table 2.

We classified the interventions in the study into five 
groups: a) Educational interventions—encompassed 
psychoeducational interventions and medication health 
education based on the Multinational Association for 
Supportive Care in Cancer Oral Agent Teaching Tool 
(MOATT) [37]; b) Exercise interventions—home-based 
walking, aerobic exercise, tai chi, and qigong training. 
c) Psychological interventions—cognitive-behavioural 

interventions and narrative care; d) Multimodal interven-
tions—combine two or more approaches, as exemplified 
by the respiratory distress symptoms intervention pro-
gramme developed by Yorke et  al. [33], which incorpo-
rates breath control, cough suppression, acupressure, and 
exercise; and e) Complementary or alternative medicine 
(CAM) interventions—specifically involving auricular 
acupressure therapy and acupuncture.

Effectiveness of the intervention on symptom cluster/
outcome
As depicted in Table 3 and Fig. 2, we categorized symp-
tom clusters into physiological, psychological, and psy-
chosomatic dimensions. The most frequently assessed 
symptom clusters were pain-fatigue-sleep disturbance 
(n = 4), anxiety-depression (n = 4), and breathlessness-
fatigue-anxiety (n = 2). Additionally, individual symp-
toms and other outcomes, such as QOL and functional 
ability, were assessed using scales or questionnaires. In 
the included studies, outcomes were measured initially 
before the intervention (baseline), and subsequently 
one or more times after the intervention, with two to 
four assessments in total. The most common time point 
for follow-up surveys was at the end of the interven-
tion (n = 15), followed by two months (n = 2) and three 
months (n = 2) after completion of the intervention.

Fig. 1  Flow diagram of the study selection
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Table 3  Effectiveness of the different intervention types

Intervention type Primary outcome Secondary outcome

Symptom cluster Single symptom Other outcomes

Educational intervention • Breathlessness-fatigue-anxiety symptom 
cluster  [31]
End of intervention:
Breathlessness ( +): Cohen’s d = 0.64
Fatigue ( +): Cohen’s d = 0.47
Anxiety ( +): Cohen’s d = 1.03
Follow-up after 3 weeks:
Breathlessness ( +): Cohen’s d = 0.51
Fatigue ( +): Cohen’s d = 0.64
Anxiety ( +): Cohen’s d = 0.48
Follow-up after 9 weeks:
Breathlessness ( +): Cohen’s d = 0.39
Fatigue ( +): Cohen’s d = 0.25
Anxiety (-)

• Pain, fatigue, nausea, sleep disturbance, 
distress,
shortness of breath, difficulty remember-
ing, lack of
appetite, drowsiness, dry mouth, sadness, 
vomiting,
numbness  [37]
End of intervention:
Pain ( +): Cohen’s d = 1.44
Fatigue ( +): Cohen’s d = 0.60
Nausea ( +): Cohen’s d = 2.19
Sleep disturbance ( +): Cohen’s d = 0.84
Distress ( +): Cohen’s d = 1.76
Shortness of breath ( +): Cohen’s d = 0.84
Difficulty remembering ( +): Cohen’s d = 0.75
Lack of appetite ( +): Cohen’s d = 0.91
Drowsiness ( +): Cohen’s d = 0.70
Dry mouth ( +): Cohen’s d = 0.72
Sadness ( +): Cohen’s d = 0.91
Vomiting ( +): Cohen’s d = 0.44
Numbness ( +): Cohen’s d = 0.73

• Functional Ability  [31]
End of intervention:
- Cohen’s d = 0.16 ( +)
Follow-up after 3 weeks:
- Cohen’s d = 0.46 ( +)
Follow-up after 9 weeks:
- Cohen’s d = 0.09 ( +)

Exercise intervention • Sleep disturbance-anxiety-depression-
fatigue symptom cluster  [19]
All measurement timepoints:
Aerobic exercise group:
● Sleep disturbance (-) ● Anxiety (-)
● Depression (-) ● Fatigue (-)
Tai-chi group:
● Sleep disturbance (-) ● Anxiety (-)
● Depression (-) ● Fatigue (-)
• Breathlessness-fatigue-anxiety symptom 
cluster  [20]
End of intervention:
● Fatigue (-) ● Breathlessness (-) ● Anxiety (-)
Follow-up after 6 weeks:
● Fatigue (-) ● Anxiety (-)
Breathlessness ( +)

• Pain, fatigue, nausea, sleep disturbance, 
sadness, shortness of breath, difficulty 
remembering, poor appetite, drowsiness, 
dry mouth, distress, vomiting and numb-
ness  [18] (-)
• Cough  [20]
- End of intervention (-)
- Follow-up after 6 weeks ( +)
• Anxiety and depression  [18]
End of intervention:
Anxiety ( +): Cohen’s d = 0.19
Depression ( +): Cohen’s d = 0.63
Follow-up after 3 months:
Anxiety ( +): Cohen’s d = 0.28
Depression ( +): Cohen’s d = 0.42

• Physical performance  [18]
Aerobic exercise group:
- Time up-and-go ( +)
- 30 s sit-to-stand test ( +)
• QOL, one-year survival, activity 
levels, circadian rhythms  [18] (-)
• Global health status  [19]
- End of intervention (-)
- Follow-up after 6 weeks ( +)
• Functional health  [19]
- End of intervention (-)
- Follow-up after 6 weeks ( +)
• QOL  [19]
- End of intervention (-)
- Follow-up after 6 weeks ( +)

Psychological intervention • Fatigue-loss of appetite-anxiety symptom 
cluster  [15]
Day 7 of intervention:
Fatigue ( +): Cohen’s d = 0.89
Loss of appetite ( +): Cohen’s d = 1.16
Anxiety ( +): Cohen’s d = 1.32
Day 14 of intervention:
Fatigue ( +): Cohen’s d = 1.73
Loss of appetite ( +): Cohen’s d = 1.58
Anxiety ( +): Cohen’s d = 1.63
End of intervention:
Fatigue ( +): Cohen’s d = 2.00
Loss of appetite ( +): Cohen’s d = 1.74
Anxiety ( +): Cohen’s d = 1.71
• Pain-insomnia-fatigue symptom cluster  
[35]
Three days after surgery:
Pain ( +): Cohen’s d = 1.47
Insomnia ( +): Cohen’s d = 1.96
Fatigue ( +): Cohen’s d = 1.01
End of intervention:
Pain ( +): Cohen’s d = 1.43
Insomnia ( +): Cohen’s d = 1.72
Fatigue ( +): Cohen’s d = 1.63
• Anxiety-depression-pain- sleep distur-
bance symptom cluster  [16]
End of intervention:
Anxiety ( +): Cohen’s d = 0.59
Depression ( +): Cohen’s d = 0.61
Pain ( +): Cohen’s d = 0.83
Sleep disturbance ( +): Cohen’s d = 0.79

• Anxiety and depression  [35]
3 days after surgery:
Anxiety ( +): Cohen’s d = 2.00
Depression ( +): Cohen’s d = 2.14
End of intervention:
Anxiety ( +): Cohen’s d = 1.70
Depression ( +): Cohen’s d = 1.78

• Length of stay  [35]
End of intervention:
- Cohen’s d = 1.16 ( +)
• Mood state  [15]
End of intervention:
- Cohen’s d = 0.52 ( +)
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Educational intervention
Two studies [31, 37] reported that the educational inter-
ventions had a positive effect on the management of the 
breathlessness-fatigue-anxiety symptom cluster in lung 
cancer patients. Moderate to substantial effects of the 
intervention were observed for this symptom cluster 
(Cohen’s d ranged from 0.47 to 1.03), and positive effects 
persisted for three weeks and nine weeks after the inter-
vention. Among single symptoms, the most significant 
post-intervention improvement was observed for nausea 
(Cohen’s d = 2.19), followed by distress (Cohen’s d = 1.76) 
and then pain (Cohen’s d = 1.44). Furthermore, the edu-
cational intervention resulted in a significant improve-
ment in functional ability that lasted for nine weeks after 
the intervention (Cohen’s d ranged from 0.09 to 0.46).

Exercise intervention
In three studies [18–20], exercise interventions were 
primarily employed to manage the sleep disturbance-
anxiety-depression-fatigue symptom cluster and the 
breathlessness-fatigue-anxiety symptom cluster. How-
ever, no significant improvement was observed in these 
symptom clusters post-intervention. With respect to 
individual symptoms, the findings were mixed. One 
study found that an exercise intervention had a moder-
ate effect on the improvement of anxiety and depression 
that lasted for three months (Cohen’s d ranged from 0.19 
to 0.63), but the impact on physical symptoms was insig-
nificant (p > 0.05). Conversely, another study reported 
a notable improvement in cough following a six-week 
follow-up (p < 0.05). Additionally, there were significant 
enhancements in global health, functional health, and 

Note: NR not reported, QOL quality of life, CAM complementary or alternative medicine

Table 3  (continued)

Intervention type Primary outcome Secondary outcome

Symptom cluster Single symptom Other outcomes

Multimodal intervention • Breathlessness-cough-fatigue symptom 
cluster
End of intervention:
Breathlessness (-) [33], ( +) Cohen’s d = 1.79 [32]
Cough (-) [33], ( +) Cohen’s d = 3.92 [32]
Fatigue (-)
Follow-up after 8 weeks:
Breathlessness ( +) [33], ( +) Cohen’s d = 2.36 [32]
Cough (-) [33], ( +) Cohen’s d = 4.68 [32]
Fatigue (-) [33], ( +) Cohen’s d = 2.73 [32]
• Fatigue-pain-sleep disturbance symptom 
cluster
End of intervention:
Fatigue ( +): Cohen’s d = 0.60 [17]/2.05 [38]
Pain ( +): Cohen’s d = 1.79 [17]/0.95 [38]
Sleep disturbance ( +): Cohen’s d = 0.99 [17]/1.43 
[38]

• Anxiety and depression
End of intervention:
Anxiety (-) [33], ( +): Cohen’s d = 1.72 [32]
Depression (-) [32, 33]
Follow-up after 8 weeks:
Anxiety (-) [32, 33]
Depression (-) [32, 33]
• Pain, fatigue, nausea, sleep disturbance, 
distress, shortness of breath, difficulty 
remembering, lack of appetite, drowsiness, 
dry mouth, sadness, vomiting, numbness, 
cough, constipation, sore throat  [36]
End of intervention:
Fatigue ( +): Cohen’s d = 0.67
Sleep disturbance ( +): Cohen’s d = 0.70
Distress ( +): Cohen’s d = 0.79
Lack of appetite ( +): Cohen’s d = 1.34
Drowsiness ( +): Cohen’s d = 0.61
Sadness ( +): Cohen’s d = 0.66
Cough ( +): Cohen’s d = 0.56
Constipation ( +): Cohen’s d = 0.57
● Pain (-) ● Nausea (-)
● Shortness of breath (-) ● Difficulty remem‑
bering (-)
● Dry mouth (-) ● Vomiting (-)
● Numbness (-) ● Sore throat (-)

• QOL
End of intervention:
- (-) [31]
- Cohen’s d = 0.86 ( +) [36]
Follow-up after 8 weeks:
- ( +) [31]

CAM intervention • Five symptom clusters ( +)  [34]
End of intervention:
Respiratory symptom cluster
Pain-fatigue- sleep disturbance symptom 
cluster
Psychological and emotional symptom cluster
Gastrointestinal symptoms cluster
Neurological symptom cluster
• Cough-expectoration-shortness of breath 
symptom cluster  [39]
End of intervention:
Cough ( +): Cohen’s d = 2.92
Expectoration (-): Cohen’s d = 1.94
Shortness of breath (-): Cohen’s d = 2.28

NR • QOL
End of intervention:
- Cohen’s d = 1.17 ( +) [38]
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symptom-related QOL at six weeks post-intervention 
(p < 0.05).

Psychological intervention
All three studies included [15, 16, 35] demonstrated 
favorable effects of psychological interventions on the 
following symptom clusters: fatigue-loss of appetite-anx-
iety cluster (Cohen’s d from 1.49 to 1.55), pain-insomnia-
fatigue cluster (Cohen’s d ranged from 1.32 to 1.84), and 
anxiety-depression-pain-sleep disturbance symptom 
cluster (Cohen’s d ranged from 0.59 to 0.83). However, 
the sustained effects of these intervention have not been 
reported. In terms of individual symptoms, psychologi-
cal interventions have been reported to have a strong 
effect on alleviating anxiety and depression in lung can-
cer patients (Cohen’s d = 1.85 and 1.96, respectively). 
Additionally, patients who received psychological inter-
ventions experienced a shorter length of stay (Cohen’s 
d = 1.16) and reported better mood states (Cohen’s 
d = 0.52) than did those in the control group.

Multimodal intervention
Among the five multimodal interventions [17, 32, 33, 
36, 38], two studies reported significant improvements 
in the fatigue-pain-sleep disturbance symptom clus-
ter, with substantial effect sizes (Cohen’s d ranging from 
0.60 to 2.05). However, the effects on the breathlessness-
cough-fatigue symptom cluster were mixed; one study 
reported a large effect of the multimodal intervention 
(Cohen’s d ranging from 1.79 to 4.68), whereas the other 
study reported insignificant findings. With respect to 
individual symptoms, the multimodal intervention was 
found to be significant for only half of the 16 symptoms 
evaluated. In terms of effect size, the top three symp-
toms were lack of appetite (Cohen’s d = 1.34) and distress 
(Cohen’s d = 0.79), followed by sleep disturbance (Cohen’s 
d = 0.70). Furthermore, mixed findings regarding anxiety, 
depression, and QOL have been reported.

Fig. 2  Effectiveness of the different interventions Note: ( +) = Statistically significant; ( −) = Not statistically significant; * denotes that the symptom 
cluster was examined most frequently in the included studies; CAM, complementary or alternative medicine; MOATT, Multinational Association 
for Supportive Care in Cancer Oral Agent Teaching Tool
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CAM intervention
Only two of the studies included in this review utilized 
a CAM intervention. Jiang et  al. [34] used auricular 
acupressure therapy, which targets symptom clusters, 
including respiratory, pain-fatigue-sleep disturbance, 
psychological and emotional, gastrointestinal, and neu-
rological symptom clusters. The study demonstrated sig-
nificant improvement in all five symptom clusters and in 
QOL (Cohen’s d = 1.17) within the intervention group, 
with a statistically significant difference from the control 
group. In addition, Zhang et al. [39] verified the efficacy 
of acupuncture on a cough-related symptom cluster, and 
the results showed that acupuncture could relieve the 
cough of lung cancer patients but did not relieve expec-
toration or shortness of breath. However, the specific 
effects of CAM interventions remain unclear due to the 
absence of similar studies at this time.

Effectiveness of interventions on single symptoms
In this review, meta-analyses were conducted to explore 
the effects of non-pharmacological interventions on indi-
vidual symptoms. The outcome indicators were centred 
on the four most frequently mentioned symptoms in the 
studies: fatigue (n = 10), anxiety (n = 6), sleep disturbance 
(n = 5), and depression (n = 5). Importantly, the CAM 
intervention study was not included in the meta-analysis 
because of a lack of single symptom scores.

Fatigue
The synthesis of ten studies, involving a total of 878 
patients, demonstrated statistically significant effects 
of the non-pharmacological interventions on fatigue 
(SMD = -1.76, 95% CI [-2.56, -0.97], p < 0.01; see Fig. 3). 
A random-effects model was applied because statisti-
cally significant heterogeneity was observed (I2 = 85%). 
Sensitivity analyses indicated that excluding any of the 
studies did not substantially decrease the overall het-
erogeneity. Subgroup analyses revealed that different 

types of non-pharmacological interventions had vary-
ing effects on fatigue. Specifically, only the educational 
intervention subgroup [31, 37] exhibited low het-
erogeneity and proved effective in improving fatigue 
(SMD = -0.81, 95% CI [-1.23, -0.39], p < 0.01, I2 = 0%; 
refer to Appendix 4). Among the ten included studies, 
no statistical (Egger’s test, p = 0.916) or visual (Fig.  4) 
evidence of publication bias was detected.

Anxiety
Six studies, encompassing a total of 698 patients, 
investigated the effects of non-pharmacological inter-
ventions on anxiety. The meta-analysis revealed a sta-
tistically significant effect (SMD = -1.91, 95% CI [-3.04, 
-0.78], p < 0.01; see Fig. 5). Given the high heterogeneity 
(I2 = 76%), a random-effects model was employed. Sen-
sitivity analysis indicated that excluding any single study 
did not substantially alter the pooled heterogeneity. 
Subgroup analysis revealed that although psychological 
interventions were effective in alleviating anxiety, het-
erogeneity persisted (SMD = -3.19, 95% CI [-5.02, -1.37], 
p < 0.01, I2 = 89%; refer to Appendix 5).

Sleep sisturbance
The meta-analysis of sleep disturbance included five 
studies involving 424 lung cancer patients. The results 
revealed statistically significant effects of the non-phar-
macological interventions (SMD = -1.36, 95% CI [-1.90, 
-0.82], p < 0.01; see Fig.  6). Given the presence of sta-
tistically significant heterogeneity (I2 = 82%), a random-
effects model was employed. In the sensitivity analysis, 
excluding any single study did not substantially mod-
ify the overall heterogeneity. Subsequent subgroup 
analyses were performed to explore the effects of dif-
ferent non-pharmacological interventions on sleep 
disturbance. Nevertheless, both the psychological 
intervention subgroup and the multimodal intervention 
subgroup retained significant heterogeneity (I2 = 78% 
and 92%, respectively; see Appendix 6).

Fig. 3  Forest plot of non-pharmacological interventions on fatigue
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Depression
Five studies, involving 438 patients, investigated the 
impact of non-pharmacological interventions on depres-
sion. The results demonstrated statistically significant 
effects (SMD = -2.07, 95% CI [-3.73, -0.40], p < 0.01; see 
Fig. 7a). Owing to the presence of statistically significant 
heterogeneity (I2 = 78%), a random-effects model was 
employed. To assess the influence of individual studies 
on heterogeneity, a sensitivity analysis was conducted 

by sequentially excluding each study. After excluding the 
study by Li et al. [35], the remaining four studies exhib-
ited acceptable heterogeneity (I2 = 0%). Consequently, a 
fixed-effects model was utilized. Pooled effects indicated 
that non-pharmacological interventions had a positive 
impact on depression compared with the control con-
ditions (SMD = -1.48, 95% CI [-2.24 -0.72], p < 0.01; see 
Fig. 7b).

Fig. 4  Funnel plot of fatigue

Fig. 5  Forest plot of non-pharmacological interventions on anxiety

Fig. 6  Forest plot of non-pharmacological interventions on sleep disturbance
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Discussion
This systematic review offers initial insights into the 
effectiveness of non-pharmacological interventions in 
managing symptom clusters among lung cancer patients. 
This analysis suggests that psychological and educational 
interventions effectively mitigate the severity of most 
symptom clusters. Particularly noteworthy is the sig-
nificant reduction in severity observed in the pain-sleep 
disturbance-fatigue and fatigue-loss of appetite-anxiety 
symptom clusters [15, 35]. However, the effectiveness 
of exercise-based, multimodal, and CAM interventions 
remains inconclusive. For instance, mixed results were 
noted for clusters such as breathlessness-cough-fatigue 
and breathlessness-fatigue-anxiety [20, 32, 33]. These 
findings underscore the potential advantages of non-
pharmacological interventions in addressing challenging 
symptom experiences in lung cancer patients, both dur-
ing and after treatment. Furthermore, they emphasize the 
urgent need for additional interventions capable of effec-
tively managing these symptom clusters across diverse 
lung cancer populations.

This study’s results align with those of previous sys-
tematic reviews and meta-analyses conducted on other 
cancer patients [23, 40, 41] that demonstrated that edu-
cational and psychological interventions yield moderate 
to large effect sizes for symptom clusters and functional 
abilities. Moreover, this meta-analysis found signifi-
cant improvements in fatigue, anxiety, sleep disturbance 
and depression in the intervention groups. These find-
ings underscore the effectiveness of interventions that 
include education for lung cancer patients regarding the 
nature of their experienced symptoms, equipping them 
with essential self-care knowledge, skills, confidence, 

and motivation. Furthermore, interventions employing 
psychological techniques to manage symptom clusters 
have also proven beneficial. The Guidelines for Holis-
tic Integrative Management of Cancer, published by the 
Chinese Anti-Cancer Association in 2022, recommend 
implementing cognitive-behavioural therapy to improve 
symptoms such as anxiety, depression, and sleep distur-
bance in cancer patients, and utilizing patient education 
to alleviate cancer-related fatigue [42].

Contrary to findings in other reviews of cancer patients 
[22, 43], exercise interventions, as adopted in three stud-
ies, appeared to have no significant effect on symptom 
clusters among lung cancer patients. They showed signif-
icant changes only for certain individual symptoms, such 
as breathlessness, anxiety, and depression. According 
to international guidelines [44], exercise interventions 
require a specific duration and intensity to yield a sig-
nificant effect. Compared with other cancer populations, 
lung cancer patients often experience more severe symp-
toms, have limited mobility, and have a reduced tolerance 
for exercise [45]. This may hinder their ability to reach 
the necessary thresholds for effective exercise interven-
tions. Furthermore, long-term follow-up observations 
are necessary to assess the enduring impact of exercise 
on health outcomes.

Compared with other interventions, CAM interven-
tions were introduced relatively late, and current evi-
dence has yielded inconclusive results. Our review 
findings indicated that auricular acupressure therapy 
led to significant improvements in five symptom clus-
ters and in the QOL of patients with lung cancer, which 
aligns with the findings of a systematic review assess-
ing the effectiveness of acupressure on fatigue-related 

Fig. 7  a Forest plot of non-pharmacological interventions on depression. b Sensitivity analysis of non-pharmacological interventions on depression
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symptom clusters in patients with breast cancer [23]. 
However, acupuncture was only meaningful for cough 
in the cough-expectoration-shortness symptom cluster, 
which may be because the intervention was too short 
to show long-term effects. Importantly, only two CAM 
intervention studies were included in our review. There-
fore, further investigations into the effectiveness of CAM 
interventions in managing symptom clusters in lung can-
cer patients are warranted.

Similarly, drawing specific conclusions about the 
effects of multimodal interventions remains challenging. 
While multimodal interventions significantly improved 
the fatigue-pain-sleep disturbance symptom cluster 
and QOL, the effect sizes ranged from moderate to 
large. However, for individual symptoms, meta-analyses 
revealed a significant effect of multimodal interventions 
on sleep disturbance, but not on fatigue. This aligns with 
the findings of the systematic review conducted by So 
et al. [21], which indicated a low strength of evidence for 
multimodal interventions. Two possible reasons account 
for this result. First, the diverse forms of multimodal 
interventions lead to a high degree of methodological 
heterogeneity between studies, making it challenging 
to arrive at definitive conclusions. Second, the sample 
sizes were insufficient; for example, Yorke et  al. did not 
observe a significant improvement in the symptom clus-
ter in their feasibility randomized trial [33], whereas such 
an improvement was later noted in a multicentre, large-
sample RCT [32].

Review impact
There are some caveats to this review that may direct 
recommendations for future research and practice in 
symptom cluster interventions for lung cancer patients. 
First, the 15 studies that were included employed a wide 
variety of interventions that targeted different symp-
tom clusters. Therefore, it is likely that the content of 
the reported interventions may not fully address certain 
symptom clusters examined in the studies. All 15 inter-
ventions utilized a face-to-face format, with only 27% 
(n = 4) employing a combination of individual and group 
approaches. Given the advancements in internet technol-
ogy and big data platforms, future interventions can lev-
erage diversified and blended online-offline approaches. 
Real-time monitoring and feedback on symptom man-
agement effectiveness through mobile apps or platforms 
like WeChat groups can enhance the intervention pro-
cess. These tools can improve the efficiency and compli-
ance of patient self-management, ultimately optimizing 
outcomes [46].

Second, fewer than 33% (n = 5) of the studies incorpo-
rated theories, models, or frameworks into the develop-
ment of interventions, and these theoretical foundations 

varied widely. A robust theory, model, or framework 
proves invaluable in crafting rigorous interventions, 
establishing measurements and outcomes, and elucidat-
ing the mechanisms through which interventions oper-
ate [47]. Therefore, we encourage future studies to adopt 
specific theories or frameworks related to symptom 
management to guide study design and implementation. 
This approach can provide a deeper understanding of the 
nature, progression, and management strategies of symp-
toms, ensuring that research becomes more systematic, 
scientific, and feasible.

Third, the heterogeneity of the participants may have 
contributed to the observed discrepancies in reported 
intervention effects. Differences in lung cancer staging 
and treatment types not only influence symptom sever-
ity but also lead to variations in other outcomes, such as 
QOL and functional ability [48, 49]. Among the 15 stud-
ies included, the majority of patients were in advanced 
stages of lung cancer and were receiving treatments 
such as chemotherapy or surgery. This may be due to the 
greater symptom complexity and treatment challenges 
faced by patients with advanced lung cancer. Only a few 
studies have developed interventions specifically tailored 
to address symptom clusters among those with early-
to-mid-stage lung cancers or those who are no longer 
undergoing active treatment. However, individuals with 
lung cancer in treatment intermission or those receiving 
home care may experience a range of symptom clusters 
and may benefit from non-pharmacological interventions 
to help manage them [5, 50]. This highlights the pressing 
need for more symptom cluster interventions tailored to 
various types of lung cancer, addressing unmet health 
needs at different stages of survivorship. Focusing on 
early- and middle-stage patients and exploring the effects 
of non-pharmacological interventions will help compre-
hensively understand and optimize the whole-cycle man-
agement of lung cancer patients.

Finally, the studies included in this review primarily 
focused on symptom cluster severity, QOL, and func-
tional ability among intervention participants, employ-
ing a wide range of assessment tools. Other important 
dimensions—such as the timing, distress, and quality of 
symptom clusters—as well as indicators like patient mor-
bidity and mortality, were largely overlooked. While our 
meta-analysis revealed significant improvements in indi-
vidual symptoms, including fatigue, anxiety, sleep distur-
bance, and depression within the intervention groups, it 
is important to acknowledge the potential presence of 
heterogeneity. Differences in intervention measures also 
contributed to this heterogeneity. This suggests that, with 
a larger number of future intervention studies, subgroup 
analyses in systematic reviews could help further refine 
the sources of heterogeneity. Additionally, variations in 
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data collection time points made it challenging to draw 
direct comparisons between the study results.The inter-
ventions described in the 15 studies all had relatively 
short durations, with the longest reported intervention 
lasting only 12  weeks. As such, there is a general lack 
of evidence regarding the effectiveness of long-term 
non-pharmacological interventions. Therefore, future 
research should focus on longer-term interventions with 
additional follow-up assessments of patient outcomes, 
potentially providing valuable data on the optimal dura-
tion for particular interventions to achieve maximum 
beneficial effects.

Limitations
This review is subject to several limitations. First, the 
review considered only RCTs and quasi-experimental 
studies, excluding cohort studies or self-control case 
studies, which could have led to the oversight of impor-
tant findings. Second, the inclusion criteria were lim-
ited to studies published in English or Chinese, possibly 
excluding eligible studies in other languages and intro-
ducing a language bias. Third, the relatively small num-
ber of studies included in this review may have excluded 
interventions with controversial effectiveness, making 
definitive conclusions difficult to draw. This also limits 
the generalizability of the meta-analysis results, and het-
erogeneity cannot be accurately assessed. Consequently, 
more high-quality, large-sample studies are needed in 
the future to verify and expand our findings. Finally, the 
findings of this study primarily reflect the Asian popula-
tion; future research involving diverse ethnic populations 
could enhance the applicability of the results.

Implications
Previous systematic reviews have focused on overall 
cancer or breast cancer populations and have focused 
mostly on specific symptom clusters, with insufficient 
attention given to the management of symptom clusters 
in patients with lung cancer. This review concentrated 
on the management of symptom clusters in lung cancer 
patients, thus filling this research gap, and contributing 
to oncology-related nursing research and practice. The 
studies included in this review reported a wide range 
of non-pharmacological interventions that could ben-
efit lung cancer patients in terms of symptom manage-
ment and improvements in QOL. Our study suggests 
that educational and psychological interventions are the 
most effective in managing symptom clusters in lung 
cancer patients, which provides direction for healthcare 
professionals to develop management programs. Future 
research should build on our findings to strengthen the 
evidence supporting the effectiveness of exercise and 

multimodal interventions, as well as their applicability in 
clinical settings.

Conclusions
While research on symptom clusters in lung cancer 
symptom management has received significant emphasis, 
studies testing interventions specifically targeting core 
symptom clusters are notably scarce. Psychological and 
educational interventions have demonstrated efficacy 
in managing symptom clusters in lung cancer patients. 
However, the effects of exercise, multimodal approaches 
and CAM interventions require further exploration. 
Hence, in forthcoming studies, it is imperative to design 
evidence-based and rigorous intervention methods tai-
lored for core or sentinel symptom clusters, particularly 
for vulnerable lung cancer patients at varying stages of 
survivorship.
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