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Abstract
Purpose  Cancer-related cognitive impairment (CRCI) is a significant risk factor influencing the quality of life in lung can-
cer survivors. No absolute assessment tool has been confirmed to assess CRCI in lung cancer survivors. This review was 
undertaken to pool the overall prevalence of CRCI and to summarize the assessment tools in assessing CRCI among lung 
cancer survivors.
Methods  PubMed, Cochrane Library, Embase, CINAHL, and CNKI were searched to retrieve articles reported CRCI 
prevalence. Summary prevalence estimates were pooled using a random effects model, along with corresponding 95% pre-
diction intervals (PIs). The Freeman-Tukey double arcsine transformation of proportions was incorporated in the analysis. 
Additionally, subgroup analysis, meta-regression, and leave-one-out analysis were performed.
Results  A total of 12 studies, involving 1934 survivors, were included in the review. All of these studies were found to 
have a low risk of bias in terms of their methodological quality. Four studies (33.3%) utilized the International Cognition 
and Cancer Task Force (ICCTF) criteria to identify CRCI through neuropsychological tests. The pooled prevalence rate of 
CRCI was found to be 26% (95% PI, 16–37%), I2 = 95.97%. The region in which the studies were conducted was identified 
as a significant factor contributing to this heterogeneity (p = 0.013). No indication of small-study effects was found (Egger’s 
test: p = 0.9191).
Conclusion  This review provides an overview of CRCI prevalence and assessment tools in lung cancer survivors. The find-
ings can serve as epidemiological evidence to enhance clinicians’ and researchers’ understanding of early detection and 
assessment.

Keywords  Cancer nursing · Cancer-related cognitive impairment · Meta-analysis · Prevalence

Introduction

Lung cancer is highly prevalent and stands as the primary 
cause of cancer-related deaths on a global scale [1]. Surgery 
(i.e., lung resection) remains the most efficient treatment 

among lung cancer survivors in the early stage [2]. For 
advanced stage or those who are unable to undergo surgery, 
their primary option for treatment is likely to be chemother-
apy and/or other combined treatments [3]. Cancer-related 
symptoms have been well-studied and found to be the risk 
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factors influencing the quality of life and overall survival 
in lung cancer survivors. However, insufficient research 
on cognitive changes has created a significant gap in our 
knowledge, leaving cognitive impairment as a crucial miss-
ing piece of the puzzle that requires further investigation 
[4] and dysfunction among lung cancer survivors have been 
undertaken in regard to the mechanism, prevalence, and its 
management.

Cancer-related cognitive impairment (CRCI) is defined 
as cognitive dysfunction experienced by individuals who 
have survived cancer, resulting in impairments in areas 
such as working or short-term memory, attention, execu-
tive functions, orientation, language comprehension, and 
processing speed [5]. In cancer research, there is a growing 
emphasis on examining the effects of cognitive functioning 
on the adverse outcomes of cancer and its treatments. The 
cognitive function of cancer survivors can be influenced 
not only by the progression of the disease itself but also 
by the treatments administered to combat it [6]. Around 
15–25% of survivors with breast cancer present objective 
cognitive decline [5]. The International Cancer and Cogni-
tion Task Force (ICCTF) has found that the impact of dif-
ferent cancer treatments and underlying mechanisms on the 
development of CRCI is substantial [7]. CRCI has a sig-
nificant impact on the functional independence and overall 
quality of life for individuals who are living with cancer. 
Additionally, it contributes to the development of physical 
and psychological issues, including anxiety, depression, 
fatigue, and sleep disturbances [5, 8]. It is also found that 
survivors are not fully aware of the cognitive functioning 
decline caused by the cancer treatments; clinical recogni-
tion and psychoeducation about CRCI are likely the most 
crucial aspect of its management. Often, cancer survivors, 
their families, and practitioners were just considered that 
the cognitive dysfunction was perhaps due to the decline 
in general health and it might be because of cancer, the 
disease itself [9, 10]; highlighting the clinical recognition, 
awareness, and health education for them is crucial.

Various risk factors have been identified for CRCI, 
including advanced age, lower levels of cognitive func-
tioning prior to undergoing cancer treatments such as 
chemotherapy, surgery, radiation therapy, and combined 
therapy, cancer-related symptoms, and physical inactivity. 
[11–13]. A recent comprehensive review concluded that 
increased physical activity and exercise have a positive 
effect in reducing the occurrence of CRCI. However, the 
relationship between physical activity and CRCI in lung 
cancer survivors remains uncertain due to limitations in 
existing studies. These limitations include the lack of evi-
dence on long-term effects and the absence of an adequate 
comparison group that specifically addresses the patterns 
of physical activity [13–16]. A review that summarized 

various interventions for CRCI concluded that a combina-
tion of cognitive stimulation and physical activity is the 
most effective supportive care for cancer survivors with 
CRCI in clinical settings [17]. Despite some intervention 
studies having been implemented yet, the optimal strategy 
and intervention is not found. Practical evidence such as 
prevalence and cognitive assessment tools for identifying 
CRCI is remaining limited [18]. In particular, there is a 
lack of high-quality evidence investigating CRCI among 
lung cancer survivors. As the incidence of lung cancer 
continues to rise, the number of cancer survivors who are 
struggling with neurotoxicity has also increased signifi-
cantly. Therefore, evidence regarding the prevalence data 
in lung cancer survivors is needed to underpin the clini-
cal recognition and awareness of CRCI. To address the 
literature gaps, this systematic review and proportional 
meta-analysis aimed to pool the prevalence estimates of 
CRCI in lung cancer survivors.

For the CRCI assessment, increasing research have been 
undertaken using subjective measure to assess perceived 
cognitive impairment in cancer populations. For example, 
the European Organization for the Research and Treatment 
of Cancer Quality of Life Questionnaire (EORTC QLQ-
C30) cognitive functioning subscale was commonly adopted. 
However, the major flaw is that the particular domains of 
cognitive function such as verbal learning, executive func-
tions, language comprehension, and orientation are unable to 
be assessed using EORTC QLQ-C30 cognitive functioning 
subscale. However, it does not conclude that self-reported 
instruments are not encouraged to be used. There are sev-
eral well-designed self-reported cognitive assessment tools, 
including Functional Assessment of Cancer Therapy-Cogni-
tive Function (FACT-Cog) or PROMIS Cognitive Abilities 
and Cognitive Concerns Scales, which are recommended 
by the Cancer Neuroscience Initiative Working Group for 
assessing CRCI [19].

Cognitive function is complex and worth further inves-
tigating among lung cancer survivors in both objective 
and subjective observations. There is still ongoing debate 
regarding the relationship between objective and subjective 
cognitive problems, with complaints often being associated 
with psychological factors [5]. In sum, there is no absolute 
assessment tool that has been confirmed to assess CRCI and 
no evidence on whether self-reported measures are not com-
parable to objective assessments such as neuropsychologi-
cal tests using the ICCTF criteria. The significance of this 
meta-analysis is that the overall prevalence and subgroup 
prevalences of objective or subjective types of measure, as 
well as the cognitive assessment tools used, are reported. 
The aim of this review is to pool the overall prevalence of 
CRCI and to summarize the assessment tools in assessing 
CRCI among lung cancer survivors.
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Methods

Design

This systematic review and proportional meta-analysis 
adhered to the reporting guidelines of the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) [20] and Meta-analysis of Observational Stud-
ies in Epidemiology (MOOSE) [21] reporting guidelines to 
ensure accurate and transparent reporting of the findings. 
The review protocol was registered in PROSPERO ID: 
CRD42023403279.

Search methods

The search for relevant studies encompassed five electronic 
databases, namely PubMed, Cochrane Library, Embase, 
CINAHL, and CNKI, from their inception until May 2023. 
The search terms were formulated based on the core com-
ponents of MeSH (Medical Subject Headings) to create an 
effective search strategy. The keywords utilized pertained to 
the condition under investigation, the context of the study, 
and the specific population or patient group of interest [22]: 
“Cognitive Dysfunction” [MeSH] AND “Cancer-Related 
Cognitive Impairment” [text] AND “Lung Neoplasms” 
[MeSH]. To tailor the search strategy to the specific require-
ments of each database, the combination of keywords was 
adjusted accordingly (Table S2).

Inclusion and exclusion criteria

The inclusion criteria for articles in this review were as fol-
lows: (1) publication in a peer-reviewed journal in the Eng-
lish language, (2) reporting of cases related to cancer-related 
cognitive impairment, and (3) focusing on lung cancer sur-
vivors. This review included prospective, retrospective, and 
cross-sectional designs. Four authors (MHH, TWS, CLF, 
and YTC) screened and evaluated the titles and abstracts of 
all records independently. Review articles, case reports, con-
ference papers, and letters to the editor that did not provide 
prevalence data were excluded from the study. Additionally, 
studies with low methodological quality were identified and 
excluded through a methodological quality assessment.

Search outcome and data abstraction

To facilitate data abstraction, we developed a specific data 
collection sheet. Four authors (MHH, TWS, CLF, and YTC) 
independently retrieved the relevant data from the selected 
articles. The extracted information included details such as 
the authors’ names, publication year, region of the study 

conducted, research design, sample size, male ratio, age 
distribution, inclusion and exclusion criteria, the tool used 
for assessing CRCI, prevalence of CRCI, and identified risk 
factors for CRCI. A consensus was achieved through a com-
prehensive discussion among the four authors regarding the 
results of the data abstraction process.

Quality appraisal

The Newcastle-Ottawa Scale (NOS) for scoring non-ran-
domized trials in meta-analysis was used to evaluate the 
quality of the studies included in the analysis. For cohort 
studies, the maximum score for each study was 9 stars, and 
the NOS assessed three main aspects: (1) subject selection 
and exposure assessment (0–4 stars), (2) comparability 
between study groups (0–2 stars), and (3) adequacy of meas-
urement and recording of study results and follow-up (0–3 
stars). The total score provided an indication of the over-
all methodological quality of each study [23]. In the case 
of cross-sectional studies, the NOS assigns scores in three 
domains: selection (0–5 stars), comparability (0–2 stars), 
and outcome (0–3 stars). The total score for cross-sectional 
studies ranges from 0 to 10. Studies that achieve a total score 
above 7 are generally deemed to possess a high level of qual-
ity and exhibit a minimal risk of bias. This scoring system 
helps assess the methodological rigor and potential bias of 
cross-sectional studies included in the review [23, 24]. To 
ensure the accuracy and consistency of the quality assess-
ment, each study was independently rated by two reviewers. 
In case of discrepancies in the results, a third investigator 
was consulted to reach a consensus. This approach helped 
minimize any potential biases and enhance the reliability of 
the evaluation process.

Synthesis

All analyses were carried out using Stata SE version 18 sta-
tistics software (Stata Corp, College Station, TX). A random 
effects model was employed to pool the summary prevalence 
estimates, presented in percentages (%), along with their 
corresponding 95% prediction intervals (PIs) and confidence 
intervals (CIs). Additionally, the pooled proportions and 
weighted subgroups were also calculated. To visualize the 
pooled data, a graphical forest plot was created using Stata 
[25]. We used the Freeman-Tukey double arcsine transfor-
mation of proportions in the model and the I2 showed in 
the forest plot indicated the heterogeneity of the summary 
results. Given the inclusion of diverse populations and study 
locations, the researchers anticipated observing high levels 
of heterogeneity in their proportional meta-analysis. This 
heterogeneity can be attributed to contextual factors, such as 
the characteristics of the populations being studied and the 
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geographical locations where the studies were conducted, 
which contribute to variations in the observed prevalence 
rates. As a result, it was expected that the meta-analysis 
would exhibit significant heterogeneity [26].

Subgroup analysis, meta-regression, and leave-one-out 
analysis were also performed. Subgroups based on regions 
and type of measures were compared. Meta-regression using 
the Stata meta-analysis package was conducted to explore 
potential sources of heterogeneity. Leave-one-out analysis 
was done to assess the influence of outliers. Egger’s test was 
used to assess small-study effects, and if necessary, the trim 
and fill method was used to correct for bias.

Results

The PRISMA flow diagram in Fig. 1 provides a visual rep-
resentation of the study selection process for the current 
meta-analysis. Initially, a total of 151 published records 
were identified through searches in various databases. 
Specifically, 68 papers were found in PubMed, 18 papers 
in Cochrane Library, 5 papers in Embase, 40 papers in 
CINAHL, and 20 papers in CNKI. After removing dupli-
cates, which amounted to 20 records, and excluding arti-
cles based on title and abstract screening, which accounted 
for 113 records, 23 full-text papers remained for further 
review. Among these, 12 studies involving a total of 1934 

survivors were included in this meta-analysis. This selec-
tion process adheres to the PRISMA guidelines and ensures 
a systematic and transparent approach to study inclusion 
in the meta-analysis.

Quality appraisal

All studies included in the meta-analysis were assessed for 
methodological quality and were found to have a low risk of 
bias. No studies were excluded based on suboptimal qual-
ity. The quality assessment, summarized in Table S1, was 
conducted by four reviewers to evaluate various domains 
of bias. The overall assessment indicates that the included 
studies are reliable and valid.

Study characteristics

Table 1 lists the characteristics of the 12 studies published 
between 2008 and 2023. Most studies (n = 5; 41.6%) 
adopted a prospective study design [27–31]. In terms of the 
location and region where the studies were conducted, six 
studies were carried out in Asia [28, 29, 32–35], two studies 
in North America [27, 36], and four in Europe [30, 31, 37, 
38]. The sample size of included studies ranged from 8 to 
480; the ratio of male cancer survivors in the studies ranged 
from 46 to 100%. The mean age of survivors ranged from 
59.1 to 68.8 years (Table 1).

Fig. 1   Flow diagram detailing 
the selection process of the 
included studies
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Identifying CRCI

Four studies (33.3%) reported that CRCI was assessed by 
neuropsychological tests using the International Cognition 
and Cancer Task Force (ICCTF) criteria [27, 29, 36, 37], 
three studies (25%) applied the Mini-Mental State Examina-
tion (MMSE) [28, 30, 34], and one study (8.3%) reported the 
application of the Short Portable Mental State Questionnaire 
(SPMSQ) [38]. Subjective assessments measuring perceived 
cognitive impairment for CRCI are frequently used as well. 
Three studies applied subjective assessments including Per-
ceived Cognitive Impairments (CogPCI) subscale [33] and 
EORTC QLQ-C30 cognitive function subscale [31, 35]. 
Among neuro-psychological tests, a comprehensive list of 
cognitive domains was identified including verbal learning 
and memory, verbal fluency, expressive and receptive lan-
guage, visuospatial memory, working memory, attention, 
executive function, processing speed and visual attention, 
mental flexibility, verbal and visual reasoning, and motor 
coordination. The corresponding measurements for these 
cognitive domains are summarized in Table 2.

Pooled prevalence of CRCI

The prevalence of cancer-related cognitive impairment var-
ied widely across the included studies, ranging from 6 to 
84.4%. Figure 2 displays the forest plot, which presents the 
pooled prevalence estimates of the included studies. The 
summary prevalence rate of cancer-related cognitive impair-
ment was observed to be 26% (95% PI, 16–37%). There was 
a high degree of heterogeneity between the studies, with an 
I2 value of 95.99%. This indicates substantial variability in 
the prevalence estimates among the included studies.

Subgroup analysis and meta‑regression

Subgroup analyses were performed according to region 
(Asia/Europe/North America), and types of assessment 
(objective/subjective). The pooled prevalence estimates 
for Asia, Europe, and North America were 15% [95% 
PI, 8–25%], 33% [95% PI, 13–57%], and 44% [95% PI, 
37–52%], respectively (Fig. 2). Our meta-regression analy-
sis has shown that region (p = 0.013) was a factor associ-
ated with the heterogeneity. Figure 3 presents the bubble 
plot for the heterogeneity factor. As for types of assessment, 
the pooled prevalence estimates for objective measure using 
comprehensive evaluations was 36% [95% PI, 16–58%] and 
objective measure using screening tool alone was 17% [95% 
PI, 7–30%], while subjective measure was 22% [95% PI, 
10–37%] (Figure S1). According to the meta-regression, the 
different types of assessment did not significantly contribute 
to the high heterogeneity observed.

Leave‑one‑out analysis and small‑study effects

The result of the leave-one-out analysis shows that omitting 
study by Bartels et al. (2021) causes the overall prevalence 
of CRCI to decrease by 23%, while the overall prevalence of 
12 studies was 26% (Fig. 4). The analysis did not show any 
evidence of small-study effects (Egger’s test: p = 0.9191).

Discussion

This meta-analysis represents the first attempt to summarize 
the overall prevalence of cognitive-related cancer-related 
impairment (CRCI) among lung cancer survivors. The result 
indicates the prevalence of CRCI in lung cancer survivors 
was 26%, which is similar to breast cancer survivors (around 
15–25%) [5].

Of 12 studies involving 1934 lung cancer survivors, 
33.3% reported that CRCI was assessed by neuropsycho-
logical tests using the ICCTF criteria, 25% applied the 
MMSE, and 8.3% reported the application of the SPMSQ. 
In these neuropsychological tests, cognitive domains 
including verbal learning and memory, verbal fluency, 
expressive and receptive language, visuospatial memory, 
working memory, attention, executive function, processing 
speed and visual attention, mental flexibility, verbal and 
visual reasoning, and motor coordination were found to 
be applied in assessing cognitive function in lung cancer 
survivors. In line with the six key domains of cognitive 
function defined by the Diagnostic and Statistical Manual 
of Mental Disorders 5th edition (DSM-5) [39], most major 
domains were covered; however, the social cognition and 
emotions domain was not reported in the included studies. 
It is noted that the Cambridge Neuropsychological Test 
Automated Battery (CANTAB) was used in an included 
study partially (for measuring visuospatial memory only) 
[29]. In fact, the CANTAB test batteries include emotion 
and social cognition domain such as Emotion Bias Task 
(EBT) and Emotion Recognition Task (ERT) to measure 
distinct aspects of social cognition [40]. Future research 
may consider including emotion and social cognition 
domain to perform comprehensive neuropsychological tests 
for assessing cognitive function in lung cancer survivors.

As for the subjective assessments measuring perceived 
cognitive impairment for CRCI, three studies applied 
subjective assessments including CogPCI subscale and 
EORTC QLQ-C30 cognitive function subscale. Within 
CRCI measurement, the classical test theory is still 
dominant in terms of the development of most survivor-
reported outcome measures [19]. Due to the inherent limi-
tations of simpler assessments, there has been a grow-
ing trend towards the use of more complex psychometric 
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instruments and methodologies for administering patient-
reported outcomes [41]. Item response theory and com-
puterized adaptive testing are sophisticated techniques 
for measuring patient outcomes in various fields of health 
care, but they have not been widely employed in CRCI 

assessment. Item response theory is important to the 
approach of the Patient-Reported Outcomes Measurement 
Information System (PROMIS) effort of the National Insti-
tutes of Health, and more publicly available open-source 
psychometric software for completing analyses [42]. Item 

Table 2   Summary of cognitive function assessment in lung cancer survivors

Abbreviations. COWA Controlled Oral Word Association, HVLT-R Hopkins Verbal Learning Test-Revised, CANTAB Cambridge Neuropsycho-
logical Test Automated Battery, WAIS-R Wechsler Adult Intelligence Scale-Revised, TMT Trail Making Test, MMSE Mini-Mental State Exami-
nation, CogPCI Perceived Cognitive Impairments subscale, SPMSQ Short Portable Mental State Questionnaire, FACT-Cog Functional Assess-
ment of Cancer Therapy, EORTC QLQ-C30 European Organization for the Research and Treatment of Cancer Quality of Life Questionnaire
References in this table: 1[37]; 2[36]; 3[27]; 4[28]; 5[33]; 6[29]; 7[30]; 8[34]; 9[38]; 10[35]; 11[31]

Assessment Domain Description

6. Objective
  Neuro-psychological 

tests/ Neurocognitive 
function tests

Verbal learning and memory Verbal Learning and Memory Test1
HVLT-R2, 6

Verbal Selective Reminding Test3

Verbal fluency, expressive and receptive language COWA2, 3

Token Test3

Visuospatial memory Rey-Osterrieth Complex Figure test1
Benton Visual Retention Test3
CANTAB (Cambridge Stockings) 6

Working memory Digit span forward and backward1,3

Arithmetic subtests of the WAIS-R3

Attention Test of Attentional Performance1

Executive function TMT Part B2, 3, 6

Wisconsin Card Sorting3

Number of perseverative errors3

Processing speed and visual attention TMT Part A2, 3, 6

Digit Symbol subtest of the WAIS-R3

Mental flexibility TMT Part B2,6

Verbal and visual reasoning Similarities and Block Design subtests of the WAIS-R3

Motor coordination Grip strength3

Grooved pegboard test3
Finger tapping3

  MMSE Orientation Orientation to time and place4, 7, 8

Repetition Repeating named prompts4, 7, 8

Verbal recall Repeating named prompts recall4, 7, 8

Attention and calculation Serial sevens4, 7, 8

Language Naming a pencil and a watch4, 7, 8

Visual construction Varies, involving drawing figure shown4, 7, 8

  SPMSQ Memory Short-term and long-term memory9

Orientation Orientation to surroundings9

Information Information about current events9

Serial mathematical tasks Capacity to perform serial mathematical tasks9

7. Subjective
  CogPCI Perceived cognitive impairment Functional assessment of cancer therapy–cognitive scale5

  FACT-Cog Perceived cognitive impairment Perceived cognitive impairment6
Perceived cognitive abilities6

Comments from others6

Impact on quality of life6

  EORTC QLQ-C30 
cognitive function 
subscale

Perceived cognitive function (memory and attention) Have you had difficulty concentrating on things like read-
ing a newspaper or watching television? (attention)10, 11

Have you had difficulty remembering things? (Mem-
ory)10, 11
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Fig. 2   The forest plot of the 
overall pooled prevalence 
and study conducted in Asia, 
Europe, and North America 
reported estimates of cancer-
related cognitive impairment 
from a random effects model

Fig. 3   Bubble plot for region 
to display the result of meta-
regression. Note. Region was 
found to be a significant factor 
contributing to heterogeneity (p 
= 0.017). CRCI, cancer-related 
cognitive impairment
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response theory can assist decide which items in a sur-
vey are best for measuring degrees of perceived cognitive 
impairment in the evaluation of CRCI [19, 43].

Further, in the subgroup analysis, we pooled the sub-
group prevalences according to region (Asia/Europe/North 
America) and types of assessment (objective/subjective). 
Studies conducted in Asia (15%) shows lower prevalence 
of CRCI than in Europe (33%) and North America (44%). 
Despite the fact that only two studies from North America 
were included in the analysis, they were still considered 
and weighted using the double arcsine transformation of 
proportions, allowing for meaningful comparison with 
other studies. It is noted that the prevalences of CRCI 
among lung cancer survivors are higher, which are there-
fore crucial for clinicians to be aware of. In addition, the 
prevalences of CRCI by objective measure using compre-
hensive evaluations, objective measure using screening tool 
alone, and subjective measures were 36%, 17%, and 22%, 
respectively. The possible reason might be the nature of 
using objective measure using screening tool alone and 
subjective assessments, as those items were somehow 
limited. As aforementioned, two studies adopted EORTC 
QLQ-C30 cognitive functioning subscale that only involved 
attention and memory domains. It might not be able to 
capture all functioning domains of cognition. In line with 
the recommendations by ICCTF [7], five studies adopted 
a battery of neuropsychological assessments to perform a 
comprehensive evaluation of CRCI. Therefore, this review 
summarized the neuropsychological assessments adopted 
to assess CRCI in lung cancer survivors as a reference for 
future research or healthcare professionals to consider.

The meta-regression analysis revealed that the study 
region was a source of heterogeneity in this meta-analysis. 
To further investigate the impact of outliers, a sensitivity 

analysis was conducted. It was found that by removing one 
study, the overall prevalence of CRCI decreased from 26 to 
23%. This suggests that the overall prevalence of CRCI may 
be even higher than initially estimated, which highlights the 
need for further attention and research in this area. Future 
studies should focus on developing preventive strategies 
and interventions specifically for lung cancer survivors to 
address this issue.

Limitations

This meta-analysis has unavoidable limitations. First, it is 
important to note that the accuracy of the overall findings in 
this meta-analysis may have been impacted by the limited 
number of studies available in certain subgroups. The dearth 
of studies in these subgroups can introduce potential biases 
and limitations to the analysis. The smaller sample size can 
affect the precision and generalizability of the results. Sec-
ond, while the majority of instruments used in the studies 
included in the analysis were validated, variations in meas-
urement methods and assessors still exist; in particular, one 
study that reviewed medical record did not report how CRCI 
was identified. Moreover, the included studies did not fully 
report the assessor training for the use of neuropsychological 
tests and cognitive assessment tools. The absence of detailed 
information regarding measurement methods and assessors 
introduces the possibility of low reliability and inconsistent 
accuracy in detecting CRCI. Lastly, relevant studies in other 
languages were overlooked; thus, the generalizability of the 
study result may be limited.

Nevertheless, this meta-analysis possesses several nota-
ble strengths. One strength lies in the meticulousness of the 
search strategies, utilization of validated appraisal tools, and 
incorporation of studies from diverse geographic regions. 

Fig. 4   Leave-one-out analysis 
to identify the outlier and its 
impact. Note. Omitting study by 
Bartels et al. (2021) causes the 
overall prevalence of CRCI to 
decrease by 23% (overall preva-
lence of 12 studies was 26%). 
CRCI, cancer-related cognitive 
impairment
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These factors greatly enhance the internal and external 
validity of the meta-analysis. It is also important to high-
light that none of the studies included in this analysis was 
found to have a high risk of bias. In order to account for the 
anticipated variability in proportional meta-analyses, sev-
eral sensitivity analyses were performed in this study. These 
analyses included predefined subgroup analysis and meta-
regression, which were carried out to explore and under-
stand the sources of the observed heterogeneity. Moreover, 
outlier detection and leave-one-out analysis were performed 
to assess the influence of individual studies on the overall 
findings. These analytical approaches strengthen the robust-
ness of the results and provide a more comprehensive under-
standing of the data. Furthermore, the robustness and reli-
ability of the evidence collected in this meta-analysis were 
evaluated through the implementation of outlier detection 
and leave-one-out analysis.

Conclusion

In this meta-analysis, which included a total of 12 studies, 
it was found that the combined prevalence of CRCI among 
lung cancer survivors was estimated to be 26%. The analysis 
also highlighted the significant impact of study region on 
the observed heterogeneity. There is a need for evidence-
based interventions and policies that focus on preventing and 
reducing the prevalence of CRCI. By fostering international 
understanding of CRCI among clinicians, valuable knowl-
edge and access to established protocols can be obtained, 
facilitating the evaluation of preventive strategies for CRCI. 
Considering the limited number of studies focusing on cog-
nitive performance as a primary outcome in cancer survivor-
ship and the growing population of lung cancer survivors 
worldwide, this study contributes to the existing epidemio-
logical evidence in the field of lung cancer research. There-
fore, the findings of this meta-analysis can play a vital role 
in raising awareness among healthcare professionals and 
researchers in both clinical and research settings.
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