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Abstract 

Background Lung cancer is the third most common type of cancer in the UK. Treatment outcomes are poor 
and UK deaths from lung cancer are higher than any other cancer. Prehabilitation has shown to be an important 
means of preparing patients both physically and psychologically for cancer treatment. However, little is understood 
about the context and mechanisms of prehabilitation that can impact physiological and psychological wellbeing.

Our aim was to review and summarise primary research on prehabilitation in the lung cancer pathway using a realist 
approach.

Methods A scoping review of empirical primary research was conducted. Five online medical databases from 2016 
– February 2023 were searched. All articles reporting on prehabilitation in lung cancer were included in the review. 
For this review, prehabilitation was defined as either a uni‑modal or multi‑modal intervention including exercise, 
nutrition and/or psychosocial support within a home, community or hospital based setting. A realist framework 
of context, mechanism and outcome was used to assist with the interpretation of findings.

Results In total, 31 studies were included in the review, of which, three were published study protocols. Over 95% 
of studies featured an exercise component as part of a prehabilitation programme. Twenty‑six of the studies had 
a surgical focus. Only two studies reported using theory to underpin the design of this complex intervention. There 
was large heterogeneity across all studies as well as a lack of clinical trials to provide definitive evidence on the pro‑
gramme design, setting, type of intervention, patient criteria, delivery, duration and outcome measures used.

Conclusion A standardised prehabilitation programme for lung cancer patients does not yet exist. Future lung 
cancer prehabilitation programmes should take into account patient led values, needs, goals, support structures 
and beliefs, as these factors can affect the delivery and engagement of interventions. Future research should con‑
sider using a conceptual framework to conceptualise the living with and beyond cancer experience to help shape 
and inform personalised prehabilitation services.
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Background
Lung cancer is the third most common type of can-
cer in the UK [1]. Treatment outcomes are poor and 
UK deaths from lung cancer are higher than any other 
cancer [2]. Cancer incidence and mortality projections 
within the UK predict that although mortality rates are 
likely to increase over the next 10 years, there will also 
be more people living with and beyond cancer [3].

Prehabilitation has shown to be an important means of 
preparing patients both physically and psychologically for 
cancer treatment by mitigating deconditioning associated 
with cancer treatments between the time of cancer diag-
nosis and the beginning of acute treatment’ [4, 5].

Prehabilitation within cancer surgery has shown to 
reduce morbidity and improve health outcomes. For exam-
ple, an improvement in functional capacity [6–14] and 
health reported quality of life (HRQOL) [9, 12, 15, 16] as 
well as a reduction in post-operative complications [9, 15] 
and length of hospital stay [9, 13, 15, 17].

Few prehabilitation pathways exist for people who do not 
have surgery, despite 50–60% of people with cancer in the 
UK being treated with primary, neo-adjuvant or palliative 
chemotherapy and/or radiotherapy treatment [18]. Along 
with the rise in the use of targeted agents and immuno-
therapy, there is potential to optimise quality of life within 
the lung cancer population. However, little is understood 
about the context and mechanisms of prehabilitation that 
can impact physiological and psychological wellbeing. 

Prehabilitation is a complex intervention and it is widely 
understood that the success of a complex intervention 
depends on the theory underpinning its design [19], which 
helps to explain the mechanisms underlying an individual’s 
behaviour, based on what works for them and their circum-
stances [20–23]. Lung cancer treatment regimes can be 
prolonged and people may experience a range of toxicities, 
which could limit their ability to engage in prehabilitation 
interventions. Prehabilitation programmes should there-
fore be tailored to the individual to optimise symptom con-
trol, treatment tolerance and independence [24, 25].

The aim of this scoping review was to review and sum-
marise primary research on prehabilitation in the lung can-
cer pathway using a realist approach. Realist approaches 
focus on the contexts and mechanisms that lead to particu-
lar outcomes. This approach enables a detailed exploration 
of factors likely to influence the success of a complex inter-
vention, such as prehabilitation, thereby helping explain 
how and why interventions may or may not work [26, 27].

Methods
Scoping reviews are particularly relevant to examine 
the extent, range and nature of evidence on a certain 
topic and to identify concepts, theories and knowledge 
gaps from a heterogeneous body of research [28].

The PRISMA extension for scoping reviews was used 
for the conduct and reporting of this scoping review [28]. 
This enabled an examination of the extent, range and 
nature of the evidence on prehabilitation and lung cancer.

Following the Joanna Briggs Institute (JBI) framework 
[29], this scoping review addressed the following: 1. Define 
the review questions 2. Determine the inclusion criteria 3. 
Search strategy 4. Evidence screening and selection 5. Data 
extraction 6. Data analysis 7. Presentation of the results.

1. Define the review questions.
Prehabilitation is a complex intervention and it is 
important to understand what has worked or is per-
ceived to work based on measured or predicted out-
comes within the lung cancer pathway. Pre-surgical 
prehabilitation is often a linear process from baseline to 
a defined, one-off target (surgery). However, this is not 
the case for patients receiving oncological treatment 
where prehabilitation may be delivered immediately 
prior to, during ± after each treatment session or cycle. 
Our research questions were:

A) How does the literature within the field of lung can-
cer describe the structure of prehabilitation?

B) How does the literature within the field of lung can-
cer describe the personalisation of prehabilitation 
interventions?

C) What are the actual outcomes for lung cancer patients 
participating in a prehabilitation programme?

2. Determine the inclusion criteria.
All studies included in this review had to involve lung can-
cer patients who received a form of prehabilitation within 
a home, community or hospital based setting. For this 
review, prehabilitation was defined as either a uni-modal 
or multi-modal intervention or programme including 
either exercise, nutrition and/or psychological wellbeing. 
All study designs were included in this scoping review 
providing that they met the inclusion criteria as outlined 
in Table 1. Protocols for ongoing or upcoming lung can-
cer prehabilitation studies were included in the review, as 
the authors felt these provided key insights into the deliv-
ery and proposed outcomes for prehabilitation within this 
field. All articles available in English were included.

3. Search strategy.
The literature search was undertaken by a research librarian 
using pre-defined search terms between the period of 2016 
and 03 February 2023. This time period was chosen due to 
a rapid emergence of the use of prehabilitation within can-
cer care to improve health outcomes and reduce healthcare 
costs since the publication of a key research paper by Silver 
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in 2015 [30]. This was followed by the Macmillan preha-
bilitation evidence and insight review [31] and subsequent 
publication of the Macmillan prehabilitation guidance 
[32]. A total of five databases were searched incorporating 
medical, nursing, allied health and psychological literature 
relevant to prehabilitation and lung cancer: Cumulative 
Index to Nursing and Allied Health Literature (CINAHL), 
Embase, Emcare, Medical Literature Analysis and Retrieval 
System Online (MEDLINE) and Psychological Information 
Database (PsycINFO). The major search terms ‘lung’, ‘can-
cer’ and ‘prehabilitation’ were used.

4. Evidence screening and selection.
All duplications were removed using the Zotero dedupli-
cation function. All retrieved abstracts for possible inclu-
sion were independently screened by the first and last 
author. There was a consensus between both authors and 
thus, a third reviewer was not required.

5&6. Data extraction and analysis.
All articles reviewed for inclusion were obtained in full 
text. The JBI reviewers manual for evidence synthesis was 
used to create a synthesis matrix for data extraction [33]. 
Data extraction included: study title, year of publication, 
country, study design, sample size, type of participants, 
study aim, type of prehabilitation intervention used, key 
findings, strengths and limitations.

Results
A total of 31 articles were included in this scoping 
review; see Fig.  1. In some studies, pulmonary reha-
bilitation was described as prehabilitation. After discus-
sion with authors conducting the review, it was agreed 

that pulmonary rehabilitation is a separate intervention, 
acknowledging that it may complement prehabilitation in 
the long-term. Therefore, studies that focused on pulmo-
nary rehabilitation were excluded from this review.

The results of this review are presented in a narrative 
form in Tables 2 and 3.

Overview of the studies
The 31 studies included in this review comprised of four-
teen randomised controlled trials [34–36, 38, 40–43, 
45–50], four feasibility studies [57–60], three registered 
protocols [37, 39, 44], two cohort studies [51, 52], two 
prospective studies [53, 54], two retrospective studies 
[55, 56], one qualitative study [61], one cross sectional 
survey [62], one proof of concept study [63] and one 
quality improvement study [64].

The largest number of studies originated from Canada 
(n = 6). The origins of the other studies included France 
(n = 4), United Kingdom (n = 4), China (n = 3), Switzer-
land (n = 3), United States of America (n = 3), Australia 
(n = 2), Denmark (n = 2), Spain (n = 2), Ireland (n = 1) and 
Turkey (n = 1).

Sample sizes ranged from 15 to 377 lung cancer 
patients with a mean age range of 46 – 72 years of age.

How does the literature within the field of lung cancer 
describe the structure of prehabilitation?
All studies except one [50] included in this review fea-
tured an exercise component as part of a prehabilitation 
programme. Sixteen studies were uni-modal, focusing 
solely on exercise prehabilitation [38, 40–42, 45, 47–49, 
52, 54, 58–60, 62, 63]. Ten out of the 31 studies described 

Table 1 Eligibility criteria

*Multi‑modal: delivery of two or more non‑pharmacological interventions (for example exercise, nutrition and/or psychological wellbeing)

Inclusion criteria Exclusion criteria

Population Adults aged ≥ 18 years old with a diagnosis of lung cancer Studies addressing other tumour sites

Intervention Unimodal or multimodal* prehabilitation interventions prior to lung cancer treatment Not applicable

Comparator Usual care or another type of intervention Not applicable

Outcome The intended and unintended outcomes for lung cancer patients participating in a pre‑
habilitation programme
The effectiveness of prehabilitation programmes

Not applicable

Study design Quantitative studies
Qualitative studies
Mixed method studies
If relevant systematic reviews identified, primary papers will be included
Study protocols for ongoing or upcoming prehabilitation studies specific to lung cancer
Published from 2016 up to and including 03 February 2023

Commentaries
Opinion articles
Book reviews
Conference abstracts
Social media posts
Blogs
Podcasts

Language Written in the English language Articles published in a language other 
than English due to limited translation 
resources
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multimodal prehabilitation interventions using a tri-
modal approach, incorporating nutrition, exercise and 
psychological wellbeing [35, 36, 39, 43, 53, 55–57, 61, 64]. 
Other studies incorporated an exercise and psychological 
component (n = 3) [34, 44, 46] or an exercise and nutri-
tion component (n = 1) [37]. A single study focused solely 
on nutrition prehabilitation [50], but there were no uni-
modal psychological wellbeing prehabilitation interven-
tion studies. See Table 3.

All prehabilitation interventions varied in terms of 
programme setting, type of intervention, patient crite-
ria, intervention delivery, duration of prehabilitation and 
measured outcomes. Nine out of the 31 studies provided 
a comprehensive description of all aspects of the preha-
bilitation programme [36, 40, 44, 45, 47, 52, 59, 60, 63]. 
In relation to programme setting, most interventions 
were delivered in a hospital setting (n = 9) [37, 47–49, 
51, 52, 58, 60, 64] or provided flexibility between a hos-
pital setting and remote supervision (n = 9) [36, 39, 40, 
44, 45, 54, 56, 61, 62]. Six of the 31 studies used remote 

supervision [35, 43, 55, 57, 59, 63]. In the remaining 
studies, the programme setting was unclear (n = 7) [34, 
38, 41, 42, 46, 50, 53].

Exercise
All prehabilitation programmes that included an exercise 
intervention used a baseline physical fitness assessment to 
develop an individualised exercise prescription. The type 
of baseline physical fitness assessment used was variable 
throughout all of the studies, ranging from cardio-pul-
monary exercise testing to more general elements such as 
muscle strength and activity questionnaires. More than 
50% of the studies described the exercise intervention as 
a combination of both aerobic and resistance exercise to 
improve cardiorespiratory fitness and muscle strength. 
Other exercise interventions included High Intensity 
Interval Training (HIIT) and medical Qigong. Breathing 
exercises such as Respiratory Muscle Endurance Train-
ing (RMET) were also described under the term exercise, 
alongside aerobic exercise interventions.

Articles identified through initial search 
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Irrelevant articles excluded
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Fig. 1 PRISMA flow diagram of the scoping review process
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Nutrition
Tailored dietetic advice was provided in all prehabilita-
tion programmes which included a nutritional compo-
nent (n = 12) [35–37, 39, 43, 50, 53, 55–57, 61, 64]. In 
eight studies, this was based on an individualised assess-
ment, which was undertaken by a registered dietitian 
[35–37, 39, 53, 55, 56, 64]. Only three studies [35, 55, 64] 
stated using validated tools such as the Patient Generated 
Subjective Global Assessment (PG-SGA). However, the 
use of nutritional screening tools to assess malnutrition 
risk was not frequently described. The majority of studies 
(n = 8) [35–37, 39, 43, 53, 55, 56] focused on increasing 
dietary protein, often recommending the use of protein 
supplements. Two interventions focused on the use of a 
fish oil supplement [36, 50].

Psychological wellbeing
Only three studies described the validated tools that were 
used to establish baseline psychological wellbeing. These 
included the Hospital Anxiety and Depression Score 
(HADS) [53, 55] and the Short Form (SF) 36 question-
naire [47]. There was large variation in the description 
of the psychological interventions used. Some studies 
used the terms ‘support’ and ‘coping strategies’, whereas 
in other studies, more specific techniques such as relaxa-
tion, imagery, visualisation, cognitive behavioural therapy 
and motivational interviewing were described.

How does the literature within the field of lung 
cancer describe the personalisation of prehabilitation 
interventions?
A number of studies described tailoring the exercise, 
nutrition and/or psychological wellbeing prehabilitation 
intervention to an individual (n = 28), but there was large 
variation across all studies in how this was fully concep-
tualised and achieved. The personalisation of the preha-
bilitation intervention mostly referred to a starting point 
variation along a continuum, e.g. intensity of exercise in 
relation to baseline fitness. This was typically considered 
at a single point, usually at baseline and not reviewed.

Only two studies [44, 46] in this review reported using 
theory to underpin the design of this complex inter-
vention. The two theories that were described were the 
theory of planned behaviour and social cognitive theory, 
respectively.

What are the actual outcomes for lung cancer patients 
participating in a prehabilitation programme?
Twenty-six out of the 31 studies included in this review 
focused on lung cancer surgery. The remaining stud-
ies included chemotherapy (n = 2) [38, 45], radiotherapy 
(n = 1) [60], neoadjuvant treatment (n = 1) [55] or had a 

specific focus on quality of life (n = 1) [46] for those with 
advanced lung cancer.

There was a wide variety of outcomes reported amongst 
all interventional studies. The majority of reported actual 
outcomes were positive. These included improvements in 
functional capacity (n = 16) [34, 40–43, 45, 47, 49, 51, 53, 
55–58, 63, 64], high adherence to the intervention (n = 5) 
[36, 42, 57, 59, 60], improvements in psychological well-
being (n = 3) [38, 53, 55], reductions in post-operative 
complications (n = 5) [40, 41, 50, 52, 53], improvements 
in muscle strength (n = 3) [38, 45, 47], no adverse events 
(n = 5) [34, 57, 58, 60, 64], qualitative outcomes includ-
ing increased perceived physical and psychological health 
benefits (n = 2) [61, 62], reductions in length of hospital 
stay (n = 2) [41, 64] and improvements in quality of life 
(n = 1) [58]. Conversely, five studies reported no improve-
ment in functional capacity [35, 36, 38, 46, 48]. Further-
more, some studies described no improvement in quality 
of life (n = 4) [36, 41, 45, 46], length of hospital stay (n = 5) 
[35, 43, 51, 52, 54], post-operative complications (n = 5) 
[43, 49, 51, 54, 64], survival (n = 3) [43, 46, 48] or psy-
chological wellbeing (n = 2) [43, 45]. Only one study [59] 
reported an unintended outcome of their intervention 
which was related to an adverse reaction to the device 
used to monitor heart rate.

The intended outcomes described within the three 
protocol papers included in this review [37, 39, 44] 
are similar to the actual outcomes reported from the 
interventional studies as shown above. These include 
improvements in functional capacity (n = 2) [37, 44], 
improvements in quality of life (n = 2) [37, 44], reductions 
in hospital length of stay (n = 2) [39, 44], reductions in 
post-operative complications (n = 3) [37, 39, 44] and qual-
itative outcomes including self-efficacy (n = 1) [44]. All 
three randomised controlled trials for which protocols 
have been published [37, 39, 44] include health econom-
ics in their planned outcomes. These include treatment 
related costs as well as costs from a healthcare profes-
sional perspective. This will provide valuable information 
on the economic implication of the adoption of prehabili-
tation programmes for patients with lung cancer.

Specific to the oncological lung cancer treatment path-
way, a multi-modal prehabilitation programme delivered 
remotely during neoadjuvant treatment led to a signifi-
cant improvement in functional capacity and psychologi-
cal wellbeing [55]. In comparison, a uni-modal exercise 
prehabilitation intervention for 110 lung cancer patients 
with advanced inoperable lung cancer undergoing chem-
otherapy showed no significant difference in functional 
capacity. However, there were significant improvements 
in strength and psychological wellbeing [38]. Neverthe-
less, these results should be interpreted with caution 
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owing to high attrition, poor adherence and anticipated 
attenuation of decline amongst this cohort.

Discussion
To our knowledge, this is the first scoping review that 
aims to summarise the evidence on prehabilitation in the 
lung cancer pathway using a realist approach.

Our review provides a summary of several interven-
tional studies and three ongoing randomised controlled 
trials for which protocols have been published.

The majority of studies in this review had a surgical 
focus and demonstrated that prehabilitation before lung 
cancer surgery is feasible and is associated with physi-
ological and psychological benefits. Our findings reveal 
that there are only a few studies involving lung can-
cer patients undergoing oncological treatment, despite 
70–80% of people with lung cancer receiving non-surgi-
cal treatment within the UK [65].

Our analysis of the contexts, mechanisms and out-
comes for prehabilitation provide useful insights into 
the factors that need to be considered in the design and 
implementation of prehabilitation for patients with lung 
cancer.

Prehabilitation is a complex intervention. It is widely 
understood that the success of a complex intervention 
depends on the theory underpinning its design [19], 
which helps to explain the mechanisms underlying an 
individual’s behaviour, based on what works for them 
and their circumstances [22]. However, only two stud-
ies in this review described using theory to underpin the 
design of this complex intervention [44, 46]. Similarly, 
there are only two completed studies which used a quali-
tative approach [61, 62], with only one evaluating the 
acceptability of their interventions, despite this being an 
important consideration for complex interventions [61, 
66]. Although the qualitative literature in this field sheds 
some light on some of the factors which might influence 
engagement with prehabilitation, it does not fully illus-
trate the complexity of delivering prehabilitation.

Using a realist lens, this review has identified the 
importance of a personalised approach to prehabilita-
tion. Whilst the personalisation of the prehabilitation 
intervention was often stated by the studies reviewed, 
and generally viewed as a positive factor, how it was fully 
conceptualised and achieved was less clear. The person-
alisation of the intervention mostly referred to a starting 
point variation along a continuum, e.g. intensity of exer-
cise in relation to baseline fitness. No studies considered 
personalisation to patient-led values, needs, goals, sup-
port structures and beliefs. This is a considerable gap, 
given that initiation and adherence to any intervention 
is determined by behavioural, psychological, physiologi-
cal, environmental and social factors [20–23], especially 

when research findings with well-intentioned patients 
need to be translated to clinical practice with the full 
range of real-world complexities and comorbidities [23].

Personalisation was mostly considered at a single point, 
typically at baseline. This is typical in pre-surgical pre-
habilitation, where it is a relatively brief and linear pro-
cess from baseline to a defined, one-off target (surgery). 
However, prehabilitation during oncological treatment is 
a prolonged and undulating ’marathon’, during which the 
patients other roles, values and needs have to be consid-
ered with learning and adaptation along the journey. An 
adaptable model and practice of ongoing, collaborative 
personalisation therefore needs to be explicitly defined 
and implemented. To address this, future research could 
utilise the Adversity, Restoration and Compatibility 
(ARC) framework [21] to help underpin a personalised 
and collaborative prehabilitation programme. The ARC 
framework provides a synthesised view of how people 
conceptualise the personal experience of living with and 
beyond cancer, namely as an ongoing process of learn-
ing about their evolving challenge (Adversity), learn-
ing how to cope effectively (Restoration) and adapting 
one’s identity (Compatibility), in parallel. These broad 
themes, derived from qualitative synthesis of over 70 
primary studies of patient narratives, are consistent with 
psychological adjustment theory [67] and may provide a 
structure for personalising prehabilitation that is patient-
centred rather than a purely logistical or psychomet-
ric approach. This could be key to empower patients to 
maintain progress through the longer, more variable con-
text of peri-oncological prehabilitation. This theory-led 
approach is further supported by Faithfull et al., 2019 [5] 
and The Medical Research Council (MRC) framework 
for developing and evaluating complex interventions [68] 
which suggests that future studies should use a concep-
tual framework to help guide intervention design and 
thereby maximise outcomes.

We acknowledge the limitations of this review. 
Firstly, we recognise that some studies may have been 
missed by database searching or were published after 
the search date. Secondly, the extrapolation of findings 
is limited owing to context dependency e.g. it may be 
difficult to extrapolate the results from a pre-surgical 
setting to those with a poor prognosis. Thirdly, only a 
few studies included in this scoping review provided 
a comprehensive description of all aspects of the pre-
habilitation programme, therefore the descriptions of 
the interventions are limited. To counterbalance this, a 
realist framework of context, mechanism and outcome 
has been used for reporting. Furthermore, our analysis 
of the mechanisms and outcomes for prehabilitation 
provide insight into the role of prehabilitation within 
the lung cancer pathway.
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The coronavirus pandemic has accelerated the remote 
delivery of prehabilitation interventions. Completed 
studies suggest that home-based multimodal prehabili-
tation is feasible and leads to improvements in a range 
of outcomes [43, 55, 57, 59, 63]. However, there is lim-
ited qualitative data in this field to determine whether 
remote delivery of prehabilitation interventions is 
more or less favourable than face to face or a hybrid 
approach.

There is potential for digital interventions within this 
field. Two completed studies in this review used an app 
for the delivery of their prehabilitation interventions 
[59, 63], with one study demonstrating high recruit-
ment and attrition rates [59] and the other showing a 
minimally clinically meaningful improvement in aero-
bic capacity prior to surgery as a result of participa-
tion in the intervention [63]. However, it is important 
to note that in the latter study, approximately 50% did 
not achieve an improvement in aerobic capacity with 
the majority of patients falling short of achieving the 
prescribed weekly exercise target. Technology access, 
skillset and confidence strongly need to be considered 
prior to implementation of delivery of prehabilitation 
interventions [69]. Furthermore, the cost-effectiveness 
of a technology supported multimodal prehabilitation 
programme needs to be evaluated. The study by Bar-
beran-Garcia et al. [39] aims to address this, as detailed 
in their published study protocol.

Whilst there will be emerging evidence from ongo-
ing randomised controlled trials, the heterogeneity in 
study designs, programme setting, type of interven-
tion, patient criteria, intervention delivery, duration of 
prehabilitation and measured outcomes is significant. 
There are no trials which have the same set of primary 
and secondary outcomes. The lack of standardisation 
across interventions and outcome measures makes it 
difficult to conclude benefit across the whole lung can-
cer pathway. The inability to draw significant improve-
ment benefit of prehabilitation due to the heterogeneity 
of studies has also been seen in systematic reviews in 
breast cancer [70], pancreatic cancer [71] and hepato-
biliary cancers [72].

Conclusion
This scoping review demonstrates that there is evidence 
for providing prehabilitation for patients with lung cancer, 
particularly in the surgical domain. However, there is a lack 
of clinical trials which provide definitive evidence on the 
programme design, setting, type of intervention, patient 
criteria, delivery and duration. This therefore makes it dif-
ficult to conclude significant improvement benefit.

The design and implementation of future lung cancer 
prehabilitation programmes should take into account 

factors such as patient led values, needs, goals, support 
structures and beliefs which can affect the delivery and 
engagement of interventions. The findings of this review 
provide important insights into these issues.

Furthermore, future research should consider the use 
of a conceptual framework such as ARC [21] to concep-
tualise the living with and beyond cancer experience to 
help shape and inform personalised prehabilitation ser-
vices. This will enable personalised care to be given from 
the outset and help support identification of the ideal pre-
habilitation model and delivery options to optimise both 
health and economic outcomes. This will enable patient 
empowerment and engagement towards self-managed 
behaviours and thus, optimise long-term health.
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