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Abstract
Purpose  Frailty in older adult cancer survivors after cancer treatments is associated with various health outcomes. However, 
there is less agreement on how frailty affects symptoms and health-related quality of life (HRQOL). This systematic review 
and meta-analysis aimed to evaluate the current literature on frailty, symptoms, and HRQOL, as well as the associations of 
frailty with these factors in older adult cancer survivors with chemotherapy.
Methods  A review was conducted on peer-reviewed publications from 2008 to 2023, using seven electronic databases. 
Meta-analyses were performed using random effects models to determine pooled effect estimates for frailty prevalence, 
symptom severity, and HRQOL scores.
Results  A total of 26 studies involving older cancer survivors were included in the analysis. Most of these studies were 
conducted in Western countries and focused on White survivors, particularly those with breast cancer. The mean pooled 
prevalence of frailty was 43.5%. Among frail survivors, the most common symptoms reported after cancer treatments were 
pain (36.4%), neuropathy (34.1%), and fatigue (21.3%). Frailty was associated with higher pooled mean symptom severity 
(B = 1.23, p = 0.046) and lower functional HRQOL (B = − 0.31, p = 0.051, with marginal significance) after cancer treatments.
Conclusion  Frail older cancer survivors are at high risk of adverse symptoms and poor HRQOL after cancer treatment. 
Further research on screening for frailty is needed to prevent older adults from developing worse symptoms burden and 
maintain HRQOL. It is also essential to understand the mechanisms of the associations between frailty, symptoms and 
HRQOL in this population.
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Plain English Summary

Older adult cancer survivors often suffer from nega-
tive symptoms such as pain, neuropathy, fatigue, and an 
impaired health-related quality of life (HRQOL) post-
treatment. However, it is still not fully understood if a 
frailer state is related to these experiences and HRQOL. 
Our review of 26 pertinent articles revealed a negative 
impact of frailty on these factors in older cancer survivors 
after cancer treatments. Further research is required for 
effective frailty screening and management in older adults 
to improve symptom control and HRQOL

Introduction

The global population of people aged 80 years or older is 
expected to triple by 2050, from 143 million in 2019 to 
426 million by 2050, due to population aging and growth 
[1]. Cancer disproportionately affects older people, with 
an estimated more than 33% of cancer diagnoses in those 
over 70 by 2050 [2]. Further, an estimated 6.9 million new 
cancer cases (21.5% of global cases) are expected to be 
diagnosed in adults aged 80 or older worldwide [3]. The 
most commonly diagnosed cancer types among adults aged 
80 years or older include lung, gastrointestinal (GI) (colo-
rectal cancer, predominately), female breast, and prostate 
cancers, accounting for 52.4% of all new cancer cases in 
this age group [3].

Cancer management is complex for aging adults due to 
underlying heterogeneity in health. Challenges may include 
multiple comorbidities, polypharmacy, frailty, and limited 
life expectancy [4]. Frailty specifically is highly prevalent in 
aging populations and is defined as a “biologic syndrome of 
decreased reserve and resistance to stressors, resulting from 
a decline across multiple physiological systems, leading to 
vulnerability to adverse outcomes” [5]. Frailty, however, is 
not synonymous with disability. Instead, frailty is defined as 
a decline in one of three dimensions: physical (i.e., increased 
vulnerability to physical health conditions, psychologic (i.e., 
age-related psychological changes involved in the frail brain 
and mental health problems and interactions with cognitive 
functions), and social (i.e., decline in social functions, and 
networks) dimensions [5]. Of note, emerging evidence sup-
ports that frailty predicts survival and treatment-related tox-
icity in older cancer survivors [5, 6]. Specifically, symptom 
toxicity after cancer treatments is an integral aspect of can-
cer treatment-related toxicity and HRQOL among cancer 
survivors [7–9].

A growing number of older cancer survivors are also 
burdened with long-term physical and psychological 

symptoms that often last several years after a cancer diag-
nosis or treatment [10, 11]. These symptoms may cause 
cancer treatments to be delayed or stopped altogether, 
especially in older patients who may have a lower toler-
ance for side effects [12, 13]. These complex symptom 
burdens resulted in poor HRQOL and hampered optimal 
treatment options in older cancer survivors [9, 12, 13].

Older cancer patients constitute a significant group of the 
patient population in oncology and require special consid-
eration of symptom assessment and management and QOL 
care [14]. Given the lack of optimal cancer treatment guide-
lines specific to older adults, older cancer survivors are often 
excluded from clinical trials, which results in a major gap 
in knowledge as it applies to treatment stratification, treat-
ment dosage, anticipated toxicities, and symptom burden 
[15, 16]. Despite this, symptom toxicity and HRQOL have 
been under-investigated in older cancer survivors [9, 12–14]. 
Several reviews [2, 17, 18] reported the association of frailty 
with mortality rates and cancer treatment toxicities (e.g., 
longer hospital stays, hematologic complications, surgical 
complications, emergency department visits, adverse symp-
tom events assessed by clinicians) in older cancer survivors. 
However, patient-reported individual cancer symptom toxic-
ity and HRQOL after cancer treatments were not examined 
in detail in older cancer patients, according to frailty sta-
tus [2, 17]. Given the lack of guidelines to decide optimal 
treatment modalities in frail older cancer survivors, a com-
prehensive understanding of cancer symptom burden and 
HRQOL in frail older cancer survivors is necessary [19].

Therefore, we conducted a systematic review and meta-
analyses to investigate frailty, patient-reported symptoms, 
and HRQOL and examined the associations of frailty with 
symptom toxicity and HRQOL after cancer treatments in 
older cancer survivors. Understanding the symptom experi-
ences (e.g., occurrence, prevalence, severity) and HRQOL 
after cancer treatments in frail older cancer survivors is 
important. We anticipate that this information will aid in 
identifying older adults who are at higher risk of worse 
symptom toxicity and poorer HRQOL after cancer treat-
ments and the development of targeted approaches for inter-
ventions for older cancer survivors with frailty.

Conceptual framework

The conceptual framework for this review is based on an 
Integral Conceptual Model of Frailty (See Fig. 1 [20]). Fig-
ure 1 displays this framework which depicts various factors 
(e.g., life course determinants) and diseases (e.g., cancer 
and cancer treatment) that may impact frailty and its sub-
dimensions (i.e., physical, psychological, and social frailty). 
The three sub-dimensions can be characterized by a decline 
in various factors. A decline in nutrition, mobility, physical 
activity, strength, endurance, balance, and sensory function 



585Quality of Life Research (2024) 33:583–598	

1 3

impacts the physical dimension of frailty. A decline in cogni-
tion, mood, and coping impacts the psychological dimension 
of frailty. A decline in social relations and social support 
impacts the social dimension of frailty. While these three 
dimensions are separate, it is important to note that they 
are interconnected, and often a decline in one dimension 
can have effects on the other two. Declines in any one of 
the three dimensions of frailty; however, ultimately result in 
adverse events (i.e., symptoms, and HRQOL). Our review 
analyzed and synthesized the data by mapping symptom 
experiences and HRQOL in older cancer survivors to ele-
ments of the Integral Conceptual Model of Frailty. In this 
review and meta-analyses, we focused on the associations of 
frailty with symptom experience and HRQOL.

Methods

Search strategies and data sources

This review and meta-analyses followed the guideline 
provided by the Preferred Reporting Items for Systematic 
Reviews and Meta-analysis (PRISMA) report [21]. A litera-
ture search was conducted using seven electronic databases: 
Scopus, CINAHL, Medline via PubMed, Web of Science, 
EMBASE, Cochrane Library (Review and CENTRAL), 
and PsycINFO. Phrase truncation was used to pick up on 
all forms of the selected words. A research librarian was 

consulted to assist with identifying and refining research 
terms. Using MeSH terms and manual searches, the key-
words examined were: “quality of life” OR “health-related 
quality of life”; AND “cancer” OR “carcinoma” OR “malig-
nant” OR “neoplasm”; AND “frailty” OR “frail*” OR “frail 
elderly”; AND “older” or “old”; AND “cancer care, oncol-
ogy, treatment, management, breast, prostate, colorectal, cer-
vical, thyroid, brain, lung, lymphoma, stomach, liver; GI”; 
AND “patients” OR “survivors”; “symptom*” OR “toxicity” 
OR “bowel,” OR “GI,” OR “psychological distress,” OR 
“fatigue,” OR “pain,” OR “peripheral,” OR “sleep”; AND 
“chemotherapy* OR “surgery” OR “radiation” OR “hor-
mone therapy” or “immune checkpoint inhibitor.*”.

Inclusion and exclusion criteria

Studies were included if they met the following criteria: 
published over the last 15 years between March 2008 and 
Feb 2023; reported frailty related to physical, psychological, 
and social dimensions, symptoms, and HRQOL using quan-
titative measures with validated instruments; available in 
English; only studies with a mean age of over 60 years old; 
studies with patients receiving any cancer treatments; symp-
toms or HRQOL assessed after cancer treatments (including 
the recovery phase, or long-term follow-up). Studies were 
excluded if they: presented only qualitative results; were 
abstract only; and were review papers or editorials, theory-
based works, meta-syntheses, or case studies. Additional 

Fig. 1   Conceptual framework. Integral conceptual model of frailty 
conceptual framework. Note. This conceptual framework guides the 
current systematic review. We focus on the core of the model includ-
ing “disease = cancer per se, cancer treatments”, “frailty—physical, 
psychological, and social”, and “adverse outcomes of the frailty—

symptoms toxicities and HRQOL after cancer treatments.” *Repro-
duced from Gobbens RJ, Luijkx KG, Wijnen-Sponselee MT, Schols 
JM. Towards an integral conceptual model of frailty. J Nutr Health 
Aging. 2010;14(3):175–181. 20
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relevant research was identified by reviewing the reference 
lists of the publications obtained from the initial search. The 
process of selecting studies followed the PRISMA flow chart 
(Fig. 2) [21].

Study selections and screening/data extraction, 
and data synthesis

The articles gathered from eligible studies were evalu-
ated independently by the first author (CH) and a gradu-
ate research assistant (JH). Articles to include were agreed 
upon by CH and JH. Discrepancies were resolved through 
discussion. Then, a database of extracted data was developed 

using Microsoft Excel with the following headings: authors 
and publication year, country of origin, samples and set-
tings, cancer characteristics, timepoints to assess primary 
outcomes, measures, main findings of frailty, symptoms, and 
HRQOL, and risk factors relevant to severe symptoms and 
poor HRQOL. CH extracted the data, which was then veri-
fied for accuracy by JH.

Methodological quality appraisal

To evaluate the strength of conclusions drawn from the 
evidence, we identified quality appraisal tools to assess the 
risk of bias, as applicable. Both CH and JH assessed the 

Fig. 2   The PRISMA 2020 Flow 
diagram
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methodological quality of each article independently using 
the 2022 Critical Appraisal Skills Program (CASP) check-
lists for quantitative cohort studies and randomized control 
trials [22]. These checklists consist of 12 questions that 
evaluate research rigor and the possibility of investigator 
bias, responding with “Yes,” “Can’t tell,” or “No,” to each 
question [23]. We used a common convention used in critical 
appraisal of research studies to evaluate an article as “high” 
quality if it met at least 80% of the checklist criteria (i.e., at 
least 10 of the 12 questions in each study), “medium” qual-
ity if it met more than 50% but less than 80% of the criteria, 
and “low” quality if it met 50% or less of the criteria [23].

Meta‑analytical and statistical methods

Pooled mean estimates of frailty, symptoms, and HRQOL

To increase the statistical power of the findings, data from 
multiple studies were combined for the meta-analyses. 
Weighted means and standard errors were used to calculate 
the pooled mean estimates of frailty prevalence, symptom 
prevalence, and severity; and HRQOL scores, along with 
95% Confidence Intervals (CIs). Only studies that reported 
numerical ratings of prevalence or severity on a 0–100 scale 
were included. The pooled estimates were analyzed only 
if it was present in at least three studies per variable (i.e., 
frailty, symptoms, HRQOL) [24, 25]. Forest plots were used 
to display the pooled mean estimates of these variables with 
95% CIs.

Publication bias

We assessed funnel plots, Begg’s test, and Egger’s test for 
evidence of asymmetry, with p < 0.05 considered significant 
publication bias [26]. The heterogeneity between studies 
was analyzed using Q statistics and I2 statistics (I2 value 
of < 25.0%: no heterogeneity, > 75%: high or extreme het-
erogeneity) [27]. A p value of less than 0.10 was consid-
ered statistically significant for Q statistics. Random effects 
models were chosen if data had high heterogeneity, while 
fixed-effects models were chosen for others.

Meta‑regression

A meta-regression was performed to examine the relation-
ships of pooled estimates of frailty prevalence (predictor of 
interest) with pooled estimates of symptoms (prevalence/
severity) and HRQOL scores (outcomes). Country, publi-
cation year, study design, sex, sample size, mean age, and 
cancer types were included as covariates. Unadjusted and 
adjusted regression models were conducted on frailty. For 
meta-regression, a two-sided p value of less than 0.05 was 
considered statistically significant. Meta-analyses, including 

statistical analyses and forest plots, were performed using 
MedCalc software version 20.218.

Results

Search results and methodological quality 
evaluation

The search strategies yielded 737 published articles after 
excluding duplicates. A review of titles and abstracts 
reduced the number of relevant studies to 69, and a total of 
26 [8, 28–52] were identified for final analysis following the 
assessment of the full-text articles. Three studies [41, 42, 
51] among the 26 selected studies were excluded from the 
meta-analyses due to the absence of analytic data on frailty 
(Supplementary Tables 1 and 2). A consort diagram of the 
literature search is shown in Fig. 2. Results from evaluating 
each of the 26 quantitative studies using CASP tools are 
reported in Supplementary Table 3 (the inter-rater agreement 
between the two authors = 97.4%). No studies were excluded 
due to low quality.

Study characteristics

Overall study characteristics are shown in Table 1. Ten [8, 
29, 33–36, 38, 39, 46, 52] out of the 26 studies had cross-
sectional designs, while 16 had longitudinal, prospective 
designs. Only one study used a mixed-method approach in 
lung cancer survivors [33]. Three studies included interven-
tions (two randomized control trials—i.e., geriatric assess-
ment-based cancer treatment decision on lung cancer [30] 
and mixed types of cancer survivors [45]; one feasibility 
lifestyle intervention for frail patients [51]). In ten cross-
sectional studies, symptoms or HRQOL were frequently 
measured 3 months after cancer treatments [8, 28–30]. The 
longitudinal studies measured symptoms or HRQOL before 
and after cancer treatments with various time points rang-
ing from 4 weeks [47] to 7 years [43]. The majority of the 
studies were conducted in the United States (n = 9 [29, 35, 
38, 41–46, 52]) or Europe (n = 10 [28, 30–32, 34, 36, 40, 
49–51]), while 4 studies were conducted in Asian countries 
(n = 4 [8, 33, 37, 39]). Among the 9,606 samples across the 
26 studies, the majority of participants were White (92.1%) 
and female (52.5%). The mean age of participants across 
studies was 73 years old (range: 59 [51] to 81 [46]). The 
majority of studies (n = 10 [29–31, 35, 36, 40, 45, 46, 49, 
50]) were conducted on cancer patients with a mean age 
range of 75–80 years old. Ten studies[8, 35, 38–40, 45, 
46, 48, 49, 51] were conducted for cancer survivors with 
mixed cancer types, followed by breast (n = 6 [29, 36, 42–44, 
52]), GI [31, 34, 50], lung [28, 30, 33] (n = 3, respectively), 
head and neck (n = 2 [32, 47]), acute myeloid leukemia 
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Table 1   Characteristics of studies in older adult cancer survivors (N = 26)

CTCAE common terminology criteria for adverse events, F female, HRQOL health-related quality of life
*Three studies were excluded for meta-analyses due to no available prevalence of frailty data

Authors (year)/country Cancer type/frailty (%) Samples (N)/Sex/Race Symptoms and/or HRQOL

Cross-sectional cohort studies (n = 10)
 Clough-Gorr et al. [29]/USA Breast /43% frail 660/F (100%)/White (94%) Depression, Anxiety/No
 Duan et al. [33]/China Lung/23.2% frail 302/F(33%)/Asian(100%) Fatigue, Anxiety, Sleep/No
 Gharagozlian et al. [34]/Norway Stomach/5% frail 21/F (48%)/White (90%) Gastrointestinal Symptoms/HRQOL 

(Yes)
 Gilmore et al. [35]/USA Mixed /31% frail 541/F (48.9%)/White(89.3%) Depression, Anxiety/No
 Hamaker et al. [36]/Dutch Breast/56% frail 78/F (100%)/Not reported CTCAE grade 3–5 toxicity/HRQOL(Yes)
 Hurria et al. [38]/USA Mixed/43% frail 500/F (56%)/White 85% CTCAE grade 3–5 toxicity/No
 Kim et al. [39]/S Korea Mixed/42% frail 65/F (25%)/Asian (100%) HRQOL (Yes)
 Pandya et al. [46]/USA Mixed/71% frail 359/F (45.4%)/white (74.4%) Pain, distress, cognition, sleep, fatigue, 

dyspnea, anorexia, depression, dry 
mouth/No

 Su et al. [8]/China Mixed /55.9% frail 229/F (20.5%)/Asian (100%) Depression, anxiety/HRQOL(Yes)
 Williams et al. [52]/USA Breast/18% frail 63/F (100%)/White (91%) Fatigue, pain, anxiety, depression, sleep/

HRQOL (Yes)
Longitudinal studies (n = 16)
 Biesma et al. [28]/Europe Lung/45% frail 181/F (23%)/White (100%) CTCAE grade 3–5 toxicity/HRQOL 

(Yes)
 Corre et al. [30]/Europe Lung/10% frail 494/F (26%)/ White (100%) Depression, anxiety, CTCAE grade 3–5 

toxicity/HRQOL (Yes)
 Cummings et al. [31]/Europe Colorectal/45% frail 501/F (39.9%)/White (100%) Pain, anxiety, depression/HRQOL(Yes)
 de Vries et al. [32] /Netherlands Head and Neck/32% frail 288/F (31.2%)/White (100%) Fatigue, pain, dyspnea, sleep, appetite 

loss, vomiting, constipation diarrhea/
HRQOL (Yes)

 Hamaya et al. [37]/Japan Prostate/90.3% frail 409/F (0%)/Asian (100%) Fatigue, pain, dyspnea, sleep, appetite 
loss, vomiting, constipation diarrhea/
HRQOL (Yes)

 Kirkhus et al. [40]/Norway Mixed/49% frail 288/F (44%)/Not reported Fatigue, pain, dyspnea, sleep, appetite 
loss, vomiting, constipation diarrhea/
HRQOL (Yes)

 Klepin et al. [41]/USA* Acute myeloid leukemia/No data 49/F (44%)/white (95.9%) Depression, distress/HRQOL (Yes)
 Magnuson et al. [42]/USA* Breast/No data 376/F (100%)/white (92.1%) Cognition (subjective/objective)/No
 Mandelblatt et al. [43]/USA Breast/5.1% frail 353/F (100%)/White (80%) Anxiety, fatigue, depression, sleep/

HRQOL (Yes)
 Mandelblatt et al. [44]/USA Breast/76.2% frail 1280/F (100%)/white (88.1%) Subjective cognitive impairment/HRQOL 

(Yes)
 Mohile et al. [45]/USA Mixed/57.5% frail 718/F (43.3%)/white (87.5%) CTCAE grade 3–5 toxicity/No
 Pottel et al. [47]/Belgium Head and Neck/59.1% frail 100/F (14%)/not reported Appetite loss, nausea, vomiting, pain, 

fatigue, cognitive impairment/HRQOL 
(Yes)

 Puts et al. [48]/Canada Mixed/87% frail 112/F (69.6%)/white (84.9) Fatigue, nausea, diarrhea, anorexia/
HRQOL (Yes)

 Quinten et al. [49]/Belgian Mixed/77.5% frail 1424/F (44.4%)/whites (100%) HRQOL (Yes)
 Rønning et al. [50]/Norway Colorectal/41% frail 180 /F (53%)/whites (100%) Fatigue, pain, dyspnea, sleep, appetite 

loss, vomiting, constipation diarrhea/
HRQOL (Yes)

 Shehu et al. [51]/German* Mixed/No data 35/F (58%)/Not reported Depression, fatigue, pain, dyspnea, sleep, 
appetite loss, vomiting, constipation, 
diarrhea/HRQOL (Yes)
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(n = 1[41]), and prostate (n = 1[37]) cancers. Mean percent-
ages for each cancer stage were 23.9% (stage I), 23.1% (stage 
II), 18.4% (stage III), and 34.6% (stage IV) across all 26 
studies. Older cancer survivors underwent multiple cancer 
treatments, including surgery, chemotherapy, and/or radia-
tion in most of the studies (n = 18) [8, 29, 31–35, 37, 39, 40, 
43, 44, 46–49, 51, 52], while single treatments were reported 
in the other 8 studies [28, 30, 36, 38, 41, 42, 45, 50].

Frailty, symptoms, and HRQOL

Frailty was measured mostly at the initial phase of cancer 
treatments across the 26 studies. As shown in Supplementary 
Tables 1 and 2, the Comprehensive Geriatric Assessment 
(CGA) was the most frequently used tool to assess frailty 
(n = 9) [28–30, 36, 38–40, 45, 47], followed by Geriatric-8 
(G8, n = 2) [37, 47], Groningen Frailty Indicator (GFI, n = 2) 
[32, 36], and Frailty Phenotype Scale (n = 2) [33, 42]. Each 
frailty instrument has its own evaluation criteria to decide 
frail status. For example, the CGA is a multidimensional 
diagnostic process that assesses the medical, psychosocial, 
and functional capabilities of older adults. The CGA applies 
the standard deficit-accumulation approach to calculate the 
frailty index (FI). The CGA-FI can range from 0 to 1, with 
higher values indicating a greater degree of frailty. The fol-
lowing categories of frailty are used in clinical practice and 
research: robust (less than 0.15), pre-frailty (0.15 to less 
than 0.25), mild frailty (0.25 to less than 0.35), moderate 
frailty (0.35 to less than 0.45), severe frailty (0.45 to less 
than 0.55), and advanced frailty (0.55 or higher) [28]. The 
Eastern Cooperative Oncology Group Performance Sta-
tus (ECOG-PS) is a tool to quantify cancer patients’ gen-
eral well-being and functional status. The ECOC-PS was 
assessed in 7 studies [28, 39–41, 48–50]. Thirteen studies 
examined both symptoms and HRQOL after cancer treat-
ments, while nine studies examined only symptoms [29, 33, 
35, 38, 41, 42, 45, 46, 48], and one study examined only 
HRQOL [49].

Symptoms were most frequently measured using the 
National Cancer Institute Common Terminology Criteria for 
Adverse Events (CTCAE) (n = 5) [28, 30, 36, 38, 45] and the 
European Organization for the Research and Treatment of 
Cancer Quality of Life Questionnaire (EORTC QLQ-C30) 
symptom scales (n = 9) [28, 32, 37, 39, 40, 43, 47, 50, 51]. 
Depression, anxiety, and cognition were often included as 
part of the CGA in 16 studies [8, 29–33, 35, 37, 40, 41, 
43, 44, 46, 50–52]. Seven studies examined psychological 
symptoms (i.e., depression, anxiety, sleep disturbance) with 
additional validated tools including: Hospital Anxiety and 
Depression Scale (HADS [33]), Pittsburgh Sleep Quality 
Index (PSQI [33]), General Anxiety Disorder (GAD [35]), 
Geriatric Depression Scale (GDS [35]), Clinical Symptom 
Inventory [46], Patient-Reported Outcomes Measurement 

Information System (PROMIS [52]), EuroQol-Dimensional 
(EQ-D5 [8, 29, 31]), Patient Health Questionnaire (PHQ-9 
[51]). Cognition was assessed separately, not as part of the 
frailty assessment in 3 studies [41, 42, 44]. For example, 
Magnuson et al. [42] used multiple cognitive tests, includ-
ing the Functional Assessment of Cancer Therapy-Cognitive 
(FACT-Cog) and CANTAB. Only one study [34] used GI 
Symptom Rating Scale (GSRC) to assess comprehensive GI 
symptoms (e.g., heartburn, nausea, vomiting, loss of appe-
tite, abdominal pain, bloating, belching, flatulence, diarrhea, 
constipation, fecal leakage, urgent bowel movement, and 
indigestion) in stomach cancer survivors.

The EORTC QLQ-C30 was the most frequently used tool 
to assess HRQOL in older adult cancer survivors across the 
26 studies. Six studies [37, 39, 40, 43, 46, 50] compared 
symptoms and HRQOL between frail and non-frail groups 
in older cancer survivors. The frail group reported a higher 
symptom burden (e.g., high prevalence and severity of 
fatigue, depression, anxiety, sleep disturbance, GI symp-
toms, pain, and cognitive impairment) and poor HRQOL 
after cancer treatments compared to the non-frail group [37, 
39, 40, 43, 46, 50]. De Vries et al.[32] presented the cor-
relations with beta-coefficients between frailty (predictor of 
interest) and symptoms and HRQOL (outcomes), and frailty 
positively predicted severe symptoms and poor HRQOL 
after cancer treatments. Five studies [33, 34, 39, 47, 48] 
reported that grip strength and malnutrition were the most 
significant factors contributing to the frailty status affecting 
symptoms and HRQOL after cancer treatments.

Meta‑analyses

Publication bias and test of heterogeneity

Among the 26 studies in this review, only 23 studies were 
included in meta-analyses (three studies [41, 42, 51] did not 
report frailty prevalence data were excluded). Publication 
bias was tested based on the ‘frailty’ data affecting symp-
toms and HRQOL. There was no publication bias in the 23 
selected studies, with p values from the Kendall’s and Egg-
er’s tests of p ranging from 0.129 to 0.785 (Table 1, Fig. 3). 
Overall heterogeneities in frailty, symptom subgroups, and 
HRQOL subitems were high, with I2 > 75%, thus we mostly 
used random-effects models for our results (Tables 2 and 3).

Pooled estimates of frailty, symptoms, and HRQOL

As shown in Table 3, a total of 23 studies were included 
in the pooled analysis of the prevalence of frailty-affect-
ing symptoms and HRQOL. The pooled mean prevalence 
of frailty was 43.5% (95% CI 30.1–57.8) among 9146 
older cancer survivors (Fig. 4). We also analyzed the 
pooled prevalence of moderate-to-severe symptoms after 
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cancer treatments (Fig. 5). Given the limited symptoms 
and HRQOL data availability due to inconsistent units 
of measures, we included only seven studies [8, 28, 30, 
31, 38, 46, 49] that presented available symptom data 
(i.e., the prevalence of moderate-to-severe symptoms) for 
the meta-analyses. Six symptoms after cancer treatment 
(i.e., appetite loss, nausea, dyspnea, fatigue, neuropathy, 
and pain) were included in the analysis (Table 4, Fig. 5) 
[8, 28, 30, 31, 38, 46, 49]. Among these symptoms, the 
pooled mean prevalence was highest for pain (36.4, 95% 
CI 17.7, 57.6), followed by neuropathy (34.1%), and 
fatigue (21.3%). In the pooled mean estimates of symptom 
severity and HRQOL scores, only five studies [37, 39, 
40, 46, 50] provided symptoms or HRQOL scores with 
a 0–100 scale after cancer treatments and were included 
in the analysis (Table 4, Fig. 6). The frail group reported 
lower global and functional HRQOL (pooled standard 
mean differences − 7.4 and − 14.9, respectively), and 
higher severity of symptom scores (14.4) compared to 
the non-frail group.

Meta‑regression

We conducted a meta-regression to examine the associa-
tions of frailty with symptoms and HRQOL after cancer 
treatments (Table 5). The associations of frailty with symp-
toms and HRQOL are shown in Table 5. Being frail was 
associated with worse symptom (B = 0.65, p = 0.011), poor 
global (B = − 0.04, p = 0.046), and functional (B = − 0.36, 
p = 0.035) HRQOL in the unadjusted model. In the adjusted 
model, being frail was of marginal significance (B = − 0.31, 
p = 0.051). In both the unadjusted and adjusted mod-
els, frailty had the greatest association with the symptom 
severity (β = 0.88, p = 0.011, unadjusted model; β = 2.92, 
p = 0.046, adjusted model).

Discussion

To our knowledge, this review is the first to summarize 
the findings from studies that examined the associations 
of frailty with patient-reported individual symptoms and 
HRQOL after cancer treatments in older adult cancer sur-
vivors. Given the previous findings on the relationships 
between frailty and cancer-specific mortality, chemotoxic-
ity, and hospital admission rates in older cancer survivors 
[3, 20], our study significantly contributes to the existing 
literature by broadening the understanding of how frailty 
affects patient-reported individual symptoms and HRQOL 
across many studies. By exploring these connections, we 
provide deeper insights that may ultimately improve patient 
care and treatment outcomes in older cancer survivors.

Symptom and HRQOL assessment

The instruments across the studies in this review to assess 
symptoms and HRQOL were inconsistent, including time 
points, dimensions, and types of symptoms. Despite the 
number of valid and reliable instruments that are avail-
able to assess multiple co-occurring symptoms in oncology 
patients [53], multiple co-occurring symptoms specific to 
certain cancer types (e.g., common GI symptoms such as 
abdominal pain and bloating in GI cancers, genitourinary 

Fig. 3   Funnel plot for assessing publication bias on frailty prevalence 
(studies n = 23). Funnel plot with pseudo 95% confidence limits

Table 2   Tests of publication 
bias (based on the prevalence of 
frailty at baseline)

SE standard error
p < 0.05 considered to show significant publication bias

Meta-analyses: prevalence of frailty (# of studies) Begg’s test Egger’s test

Kendall’s Ƭ p SE p

Pooled prevalence of frailty combined cross-sectional cohort studies 
and longitudinal study designs (n = 23)

0.50 0.312 1.32 0.231

Pooled prevalence of frailty (cross-sectional cohort studies, n = 10) 0.35 0.621 1.28 0.477
Pooled prevalence of frailty (longitudinal studies, n = 13) 0.22 0.785 2.45 0.129
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symptoms in prostate cancer) were not consistently meas-
ured. Across the 23 studies included in the meta-analyses, 
limited symptoms (i.e., appetite loss, dyspnea, fatigue, 
neuropathy, and pain) measured with the EORTC-QLQ-
C30 in 5 studies [37, 39, 40, 46, 50] were only available 
for the meta-analyses. Multiple symptom toxicities after 
cancer treatments were measured in 5 studies [28, 30, 36, 
38, 45], but these symptoms were assessed by the clinician, 
not by the patient-reported outcomes (PRO). Thus, further 
research is warranted to examine self-reported symptoms 
in frail older adult cancer survivors to better capture their 
symptom experiences [54]. Cancer survivors experience 
distinct symptom profiles or HRQOL phenotypes [55, 56]. 
For example, in a study of 1500 breast cancer survivors after 
cancer treatments, using a latent class profile analysis, four 
distinct symptom subgroups for the symptom cluster of pain, 
fatigue, sleep disturbance, and depression were identified 

(normal, high pain, high depression, all high) [56]. In a study 
of 1396 individuals with lung cancer who completed cancer 
treatments, four distinct classes of symptoms and HRQOL 
were identified: poor HRQOL, pain dominant impairment, 
mobility/usual activities impairment, and good HRQOL 
groups [55]. These findings highlight the need for individu-
alized symptom assessment for some cancer types as well 
as the interindividual variability in HRQOL.

Associations of frailty with symptoms and HRQOL

Our findings demonstrated that compared to non-frail can-
cer survivors, frail cancer survivors had worse symptoms 
and lower HRQOL after cancer treatments. These associa-
tions can be explained by many subcomponents of different 
frailty scales (e.g., nutritional status, function, cognition, and 

Table 3   Heterogeneity test for the meta-analyses: pooled prevalence of frailty at baseline

CI confidence interval, CRC​ colorectal cancer, df degree of freedom, GI gastrointestinal
a Weighted effect size and standard error were applied, resulting in pooled prevalence and 95% confidence intervals (CIs)
b p value < 0.10 considered significant for heterogeneity tests
c Hamaya et al. [38] in prostate cancer study was excluded as Hamaya et al. [38] was the only article conducted for prostate cancer survivors. 
Three articles [ref #, [42, 43, 52]] were excluded as no available frailty data for meta-analyses

Study characteristics Sub-variables Studies
n

Prevalence of frailtya

% (95% CI)
Test for heterogeneity between studiesb

QdfBetween I2 (%)Between pBetween

Total (articles with available frailty data) 23 43.5 (30.1, 57.8) 1324.422 98.34  < 0.001
 Country United States (n = 8)/Canada (n = 1) 9 44.4 (32.6, 60.2) 154.218 87.93 0.032

Europe 10 44.5 (42.2, 57.5) 125.329 94.52 0.082
Asia 4 43.2 (57.2, 70.2) 163.883 82.34 0.003

 Publication year 2008–2012 5 41.0 (33, 65.2) 168.314 97.53 0.032
2013–2017 5 44.2 (28.1, 53.4) 152.434 97.52 0.048
2018–2023 13 42.6 (35, 77.5) 177.2312 96.23 0.032

 Study design Cross-sectional 10 39.2 (29.3, 49.5) 340.859 96.35 0.013
Longitudinal 13 47.1 (35.3, 57.5) 321.7512 98.09 0.035

 Female prevalence  < 50.0% 14 41.3 (35.2, 55.7) 15.3213 21.23 0.410
 ≥ 50.0% 9 44.4 (25.8, 56.2) 18.528 29.41 0.543

 Sample size n < 100 4 30.3 (10.1, 56.0 153.323 78.72  < 0.001
100 ≤ n < 500 13 52.5 (23.2, 90.3) 188.5212 76.41  < 0.001
n ≥ 500 6 53.8 (50.2, 55.4) 145.235 84.32  < 0.001

 Mean age (year) 60 ≤ & < 70 5 38.5 (34.2, 42.3) 132.324 88.31 0.009
70 ≤ & < 75 8 45.5 (35.3, 53.8) 145.447 85.62 0.031
75 ≤  10 42.1 (37.1, 53.5) 55.749 88.75 0.055

 Cancer typesc Mixed types 9 42.2 (38.2, 49.3) 321.328 98.52 0.032
Breast 5 39.7 (30.1, 48.5) 39.324 58.53 0.055
GI (CRC n = 2; Stomach n = 1) 3 44.3 (35.3, 49.8) 98.492 92.33 0.038
Lung 3 36.1 (31.5, 39.9) 98.992 91.48 0.002
Head and neck 2 45.6 (37.5, 53.9) 101.521 95.67 0.043
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social support). Notably, malnutrition and sarcopenia meas-
ured by hand grip strengths, body mass index (BMI), and 
weight change were frequently measured as part of frailty 
assessments; and these factors were associated with symp-
toms and HRQOL [34, 39, 49]. This has also been observed 
previously in community-dwelling older adults [57–59]: 
Malnutrition and sarcopenia were associated with constipa-
tion [57], poor appetite [58], depression and anxiety, and 
cognition decline [59].

In light of our findings, it is plausible that nutritional 
frailty may contribute to an increased risk for a worse symp-
tom burden and poorer HRQOL in older cancer survivors. 
This connection emphasizes dietary factors when address-
ing overall health and well-being in this population. Fur-
thermore, social frailty may have been a strong risk factor 
for symptoms and poor HRQOL in cancer survivors. Social 
frailty in older adult cancer survivors has been associated 
with long-term depressive symptoms after cancer treatments 
[60]. However, studies assessing how these subcomponents 

of frailty might contribute to symptoms or HRQOL are 
scant. Therefore, future research that examines subcompo-
nents of frailty associated with a higher symptom burden is 
warranted.

Pain was the most associated symptoms with frailty, fol-
lowed by neuropathy and fatigue in our meta-analyses. Fur-
thermore, we identified clinically meaningful differences in 
the EORTC QLQ C-30 measures (functional HRQOL stand-
ard mean difference 14.9 points, and symptom scores mean 
difference 14.4 points [61]), indicating a moderate difference 
in symptoms and HRQOL between frail and non-frail groups 
(Table 4, Fig. 6). Frailty may be linked to pain, neuropathy, 
and fatigue in cancer patients through potential biological 
mechanisms, specifically chronic systemic inflammation. 
Frailty in cancer patients was associated with increased 
pro-inflammation, which resulted in altered pain sensitivity, 
neuropathy, and fatigue [62]. Frail older adults might have 
increased systemic inflammation, worsening the vulnerabil-
ity to chemotherapy-related symptom side effects. Future 

Fig. 4   Forest plots showing pooled prevalence of frailty in the overall sample (studies n = 23)
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biological mechanisms and intervention studies of predomi-
nant symptoms associated with frailty are warranted with 
validated, comprehensive symptom assessment instruments 
(e, g., EORTC QLQ C-30, Memorial Symptom Assessment 
Scale [MSAS], PROMIS).

Psychological distress (e.g., depression, and anxiety) are 
common symptoms in cancer survivors [53]. The majority 
of the studies included in our review (n = 7) assessed psy-
chological distress as part of the frailty assessment. Frailty 
was associated with psychological distress and sleep in older 
adults with chronic diseases, including cancer [63, 64], via 
bidirectional relationships or unidirectional relationships 
(frailty as a predictor [64] or an outcome [35]). Frail older 
adult cancer survivors are more likely to have physical and 
social frailty such as functional limitation, greater comor-
bidities, and social isolation, which can lead to depression, 
anxiety, or insomnia [35, 64]. Vice versa, older adult cancer 
survivors with psychological distress tend to have poor phys-
ical activity and poor self-management. This can worsen 
their overall frailty [35, 64]. Although there is some overlap 
between frailty and psychological distress, it is important to 
identify which component of frailty (e.g., nutritional status, 
active daily living functionality, or sarcopenic status) is the 
primary driver of a particular symptom [65]. Therefore, the 

distinction of measuring mental health and frailty will allow 
for a more comprehensive understanding of their interactions 
and offer valuable insights into targeted intervention for 
older cancer survivors at high risk of psychological distress.

Limitations

Our findings are limited by the number of published stud-
ies that directly examined the relationships between frailty, 
symptoms, and HRQOL. The high heterogeneity across 
the selected studies (e.g., the lack of unified assessment 
measures of symptoms and HRQOL) prevented further 
use of advanced review methods such as meta-analysis. In 
addition, the measures of frailty (e.g., physical, psycholog-
ical, and social) were inconsistent across the selected stud-
ies. Therefore, this study may not be able to completely 
capture which components of frailty are associated with 
symptoms and HRQOL. Inconsistent time points to meas-
ure frailty, symptoms, and HRQOL after cancer treatments 
also limited the potential causal relationships of frailty 
with symptoms and HRQOL. Despite the meta-analysis 
can be conducted if a variable is present in at least three 
studies per variable, the number of studies included in 
our meta-regression of frailty with symptoms and HRQOL 

Fig. 5   Forest plots showing pooled prevalence of moderate-to-severe symptoms
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is limited, thus, our findings should be interpreted with 
caution [66]. Finally, different confounding variables not 
addressed in this review (e.g., socioeconomic status, mari-
tal status, and race) may influence the analysis results. In 
particular, the majority of patients identified in this study 
were identified as White, which may result in a lack of 
representation of minority groups and therefore potentially 
limiting the generalizability of this study.

The longitudinal patterns of symptoms and HRQOL 
changes over time are unknown in frail older adult survi-
vors. There is a need for more rigorous study designs, such 
as longitudinal study designs with validated instruments 
and randomized control trials, to examine the efficacy of 
an intervention to improve frailty for cancer survivors at 
high risk of symptoms and poor HRQOL. Future studies 
should include a generalized guideline that consistently 
measures specific factors of frailty in older adults to better 
understand which dimension of frailty most likely contrib-
utes to symptoms and HRQOL.

Conclusions

Compared to other studies currently in the literature, this 
systematic review and meta-analysis focused on frailty on 
symptoms and HRQOL in older cancer populations not 
generally studied. This study demonstrated that frailty may 
be a risk factor for two primary components of cancer 
survivorship care: worse symptom experiences and poorer 
HRQOL in older adult cancer survivors. Early identifica-
tion and management of frailty may prevent and allevi-
ate adverse symptom toxicities and HRQOL impairment. 
Given the inter-individual variability in symptoms and 
HRQOL, a person-centered approach to symptom and 
HRQOL assessment and management in each cancer type 
is warranted to develop targeted and effective survivorship 
care for these patients.

Table 4   Publication bias and heterogeneity tests for the meta-analyses: pooled mean estimates of symptoms and HRQOL after cancer treatments

CI confidence interval, EORTC-QLQ C30 European Organization for Research and Treatment of Cancer Quality of Life questionnaire-C30, df 
degree of freedom, HRQOL health-related quality of life, SE standard error
a Symptoms or HRQOL data were only included if present in at least three studies per data. Symptoms and HRQOL data based on 0–100 scale. 
Higher scores indicate worse symptoms and better HRQOL
b Weighted effect size and standard error were applied, resulting in pooled estimates and 95% Confidence Intervals (CIs)
c p < 0.05 considered significant publication bias; p < 0.10 considered significant for heterogeneity tests
d For the EORTC  QLQ-C30 questionnaire, a crude Minimally important clinical differences (MICD) (≤ 5 and < 10 points = a small differ-
ence, ≤ 10 and < 20 points = a moderate difference; ≥ 20 = a large difference)

Study
Sub-variablesa

Studies
n

Pooled values
(95% CI)b

Publication bias Test for heterogeneity between 
studies

Begg’s test Egger’s test

Kendall’s Ƭ pc SE pc QdfBetween I2 (%)Between pc
Between

Pooled mean prevalence of moderate-to-severe symptoms in frail group (%, 95% CI)
 Appetite loss 3 2.6 (1.7, 3.5) 0.33 0.605 2.3 0.393 111.792 93.79 0.049
 Nausea 3 7.1 (6.3, 14.3) 0.33 0.602 5.6 0.978 121.732 98.36  < 0.001
 Dyspnea 3 13.6 (11.3,50.7) 0.33 0.601 2.2 0.975 347.642 99.42  < 0.001
 Fatigue 3 21.3 (7.6, 39.3) 0.33 0.601 5.4 0.274 124.012 98.39  < 0.001
 Neuropathy 2 34.1 (11.5, 61.3) 0.99 0.317 6.5 0.311 66.41 98.49  < 0.001
 Pain 5 36.4 (17.7, 57.6) 0.12 0.999 5.3 0.726 420.074 99.05  < 0.001

Pooled mean scores of symptoms and HRQOL in frail group (0–100 points, 95% CI)
 Symptom severity 5 56.6 (29.5, 83.6) 0.33 0.444 2.3 0.567 221.884 98.62  < 0.001
 Global HRQOL 5 57.2 (45.5, 69.0) 0.42 0.623 4.2 0.623 213.044 87.05  < 0.001
 Functional HRQOL 4 74.6 (60.9, 88.4) 0.33 0.523 4.3 0.952 121.533 97.43  < 0.001

Pooled standard mean differences of EORTC QLQ-C30 symptoms and HRQOL: frail group versus non-frail group (95% CI)d

 Symptom severity 5 14.4 (− 2.6 to 31.4) SE (11.3) − 0.20 0.624 6.3 0.677 345.674 98.84  < 0.001
 Global HRQOL 5 − 7.4 (− 26.6 to 12.6), SE (9.7) 0.20 0.624 1.4 0.789 34.674 88.46  < 0.001
 Functional HRQOL 4 − 14.9 (− 27.1 to − 2.8), SE (9.9) 0.99 0.999 3.6 0.612 35.753 91.61  < 0.001
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Table 5   Meta-regression analyses: associations of frailty with symptoms and HRQOL

EORTC-QLQ C30 European Organization for Research and Treatment of Cancer Quality of Life questionnaire-C30, HRQOL health-related 
quality of life, SE standard error
a Pooled mean scores of EORTC QLQ-C30 Symptom and HRQOL data were used for the regression as outcome variables. Data based on 0–100 
scale. Higher scores indicate worse symptoms, and better HRQOL
b p value of < 0.05 was considered statistically significant. Significant findings (p < 0.05) were highlighted in bold
c Adjusted regression models included country, publication year, study design, female sex, sample size, mean age group, and cancer types
d Unstandardized Beta Coefficient interpreted as change in symptom or HRQOL scores for 1-unit change in frailty prevalence

Frailty at baseline
(Predictor of interest)

Studies
n

Unadjusted Adjustedc

Unstandardized Bd SE Standardized β pb Unstandardized Bd SE Standardized β pb

Pooled mean scores of EORTC QLQ-C30 Symptoms and HRQOL after cancer treatments (Outcomes)a

 Symptom severity 5 0.65 0.67 0.88 0.011 1.23 0.11 2.92 .046
 Global HRQOL 5 − 0.04 0.57 − 0.24 0.046 − 0.05 0.54 − 0.34 .895
 Functional HRQOL 4 − 0.36 0.30 − 0.65 0.035 − 0.31 0.10 − 0.67 .051

https://doi.org/10.1007/s11136-023-03537-4


596	 Quality of Life Research (2024) 33:583–598

1 3

Data Availability  The data that support the findings of this study are 
available from the corresponding author, CH, upon reasonable request.

Declarations 

Conflict of interest  The authors declare that they have no known com-
peting financial interests or personal relationships that could have ap-
peared to influence the work reported in this paper. All other authors 
declare no conflicts of interest.

Ethical approval/consent to participate  This is a review study. There 
are no human participants’ data being directly studied for the purpose 
of the review, therefore, ethics approval and consent to participate are 
not applicable. The Ohio State University Human Subject Department 
Research Ethics Committee has confirmed that no ethical approval is 
required.

References

	 1.	 United Nations, Department of Economic and Social Affairs, Pop-
ulation Division. World Population Prospects 2019: Highlights 
2019. Accessed 2 Apr 2023. https://​www.​un.​org/​devel​opment/​
desa/​publi​catio​ns/​world-​popul​ation-​prosp​ects-​2019-​highl​ights.​
html

	 2.	 Handforth, C., Clegg, A., Young, C., Simpkins, S., Seymour, M. 
T., Selby, P. J., & Young, J. (2015). The prevalence and outcomes 
of frailty in older cancer patients: A systematic review. Annals 
of Oncology., 26(6), 1091–1101. https://​doi.​org/​10.​1093/​annonc/​
mdu540

	 3.	 Pilleron, S., Soto-Perez-de-Celis, E., Vignat, J., Ferlay, J., Soer-
jomataram, I., Bray, F., & Sarfat, D. (2021). Estimated global 
cancer incidence in the oldest adults in 2018 and projections to 
2050. International Journal of Cancer., 148(3), 601–608. https://​
doi.​org/​10.​1002/​ijc.​33232

	 4.	 Rønning, B., Wyller, T. B., Jordhøy, M. S., Nesbakken, A., Bakka, 
A., Seljeflot, I., & Kristjansson, S. R. (2014). Frailty indicators 
and functional status in older patients after colorectal cancer sur-
gery. Journal of Geriatric Oncology., 5(1), 26–32. https://​doi.​org/​
10.​1016/j.​jgo.​2013.​08.​001

	 5.	 Ruiz, J., Miller, A. A., Tooze, J. A., Crane, S., Petty, W. J., Gajra, 
A., & Klepin, H. D. (2019). Frailty assessment predicts toxicity 
during first cycle chemotherapy for advanced lung cancer regard-
less of chronologic age. Journal of Geriatric Oncology., 10(1), 
48–54. https://​doi.​org/​10.​1016/j.​jgo.​2018.​06.​007

	 6.	 Rosko, A. E., Huang, Y., Benson, D. M., Efebera, Y. A., 
Hofmeister, C., Jaglowski, S., Devine, S., Bhatt, G., Wildes, T. 
M., Dyko, A., & Jones, D. (2019). Use of a comprehensive frailty 
assessment to predict morbidity in patients with multiple myeloma 
undergoing transplant. Journal of Geriatric Oncology., 10(3), 
479–485. https://​doi.​org/​10.​1016/j.​jgo.​2018.​05.​015

	 7.	 Long-Term Side Effects of Cancer Treatment. Cancer.Net. Sept 
11, 2022. Accessed 15 Feb 2023. https://​www.​cancer.​net/​survi​
vorsh​ip/​long-​term-​side-​effec​ts-​cancer-​treat​ment

	 8.	 Su, M., Yao, N., Shang, M., Shen, Y., Qin, T., Wang, J., & Sun, 
X. (2022). Frailty and its association with health-related quality 
of life among older cancer patients: an evidence-based study from 
China. Health and Qual Life Outcomes., 20(1), 124. https://​doi.​
org/​10.​1186/​s12955-​022-​02032-7. Published 2022 Aug 19.

	 9.	 Huang, I. C., Hudson, M. M., Robison, L. L., & Krull, K. R. 
(2017). Differential impact of symptom prevalence and chronic 
conditions on quality of life in cancer survivors and non-can-
cer individuals: A Population Study. Cancer Epidemiology, 

Biomarkers & Prevention., 26(7), 1124–1132. https://​doi.​org/​10.​
1158/​1055-​9965.​EPI-​16-​1007

	10.	 Rao, A., & Cohen, H. J. (2004). Symptom management in the 
elderly cancer patient: Fatigue, pain, and depression. Journal of 
National Cancer Institute., 32, 150–157. https://​doi.​org/​10.​1093/​
jncim​onogr​aphs/​lgh031

	11.	 Yates, P., Miaskowski, C., Cataldo, J. K., Paul, S. M., Cooper, B. 
A., Alexander, K., Aouizerat, B., Dunn, L., Ritchie, C., McCa-
rthy, A., & Skerman, H. (2015). Differences in the composition of 
symptom clusters between older and younger oncology patients. 
Journal of Pain Symptom Management., 49(6), 1025–1034. 
https://​doi.​org/​10.​1016/j.​jpain​symman.​2014.​11.​296

	12.	 Wenkstetten-Holub, A., Fangmeyer-Binder, M., & Fasch-
ing, P. (2021). Prevalence of comorbidities in elderly can-
cer patients. MEMO, 14(1), 15–19. https://​doi.​org/​10.​1007/​
s12254-​020-​00657-2

	13.	 Sulicka, J., Pac, A., Puzianowska-Kuźnicka, M., Zdrojewski, T., 
Chudek, J., Tobiasz-Adamczyk, B., Mossakowska, M., Skalska, 
A., Więcek, A., & Grodzicki, T. (2018). Health status of older 
cancer survivors-results of the PolSenior study. Journal of 
Cancer Survivorship., 12(3), 326–333. https://​doi.​org/​10.​1007/​
s11764-​017-​0672-6

	14.	 Mohile, S. G., Heckler, C., Fan, L., Mustian, K., Jean-Pierre, P., 
Usuki, K., Sprod, L., Janelsins, M., Purnell, J., Peppone, L., & 
Palesh, O. (2011). Age-related differences in symptoms and their 
interference with quality of life in 903 cancer patients undergoing 
radiation therapy. Journal of Geriatric Oncology., 2(4), 225–232. 
https://​doi.​org/​10.​1016/j.​jgo.​2011.​08.​002

	15.	 Talarico, L., Chen, G., & Pazdur, R. (2004). Enrollment of elderly 
patients in clinical trials for cancer drug registration: A 7-year 
experience by the US Food and Drug Administration. Journal of 
Clinical Oncology., 22(22), 4626–4631. https://​doi.​org/​10.​1200/​
JCO.​2004.​02.​175

	16.	 Quaglia, A., Tavilla, A., Shack, L., Brenner, H., Janssen-Hei-
jnen, M., Allemani, C., Colonna, M., Grande, E., Grosclaude, 
P., Vercelli, M., EUROCARE Working Group. (2009). The 
cancer survival gap between elderly and middle-aged patients 
in Europe is widening. European Journal of Cancer., 45(6), 
1006–1016. https://​doi.​org/​10.​1016/j.​ejca.​2008.​11.​028

	17.	 Mian, H., McCurdy, A., Giri, S., Grant, S., Rochwerg, B., 
Winks, E., Rosko, A. E., Engelhardt, M., Pawlyn, C., Cook, G., 
& Jackson, G. I. (2023). The prevalence and outcomes of frail 
older adults in clinical trials in multiple myeloma: A system-
atic review. Blood Cancer Journal., 13(1), 6. https://​doi.​org/​10.​
1038/​s41408-​022-​00779-2. Published 2023 Jan 5.

	18.	 Fletcher, J. A., Fox, S. T., Reid, N., Hubbard, R. E., & Ladwa, 
R. (2022). The impact of frailty on health outcomes in older 
adults with lung cancer: A systematic review. Cancer Treatment 
Research and Communication, 33, 100652.

	19.	 Dotan, E., Walter, L. C., Browner, I. S., Clifton, K., Cohen, 
H. J., Extermann, M., Gross, C., Gupta, S., Hollis, G., Hub-
bard, J., & Jagsi, R. (2021). NCCN guidelines® insights: older 
adult oncology, version 1.2021: featured updates to the NCCN 
guidelines. Journal of the National Comprehensive Cancer Net-
work., 19(9), 1006–1019. https://​doi.​org/​10.​6004/​jnccn.​2021.​
0043. Published 2021 Sep 20.

	20.	 Gobbens, R. J. J., van Assen, M. A. L. M., Luijkx, K. G., & 
Schols, J. M. (2012). Testing an integral conceptual model 
of frailty. Journal of Advanced Nursing., 68(9), 2047–2060. 
https://​doi.​org/​10.​1111/j.​1365-​2648.​2011.​05896.x

	21.	 Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., 
Hoffmann, T. C., Mulrow, C. D., Shamseer, L., Tetzlaff, J. M., 
Akl, E. A., Brennan, S. E., & Chou, R. (2021). The PRISMA 
2020 statement: An updated guideline for reporting systematic 
reviews. British Medical Journal., 372, n71. https://​doi.​org/​10.​
1136/​bmj.​n71. Published 2021 Mar 29.

https://www.un.org/development/desa/publications/world-population-prospects-2019-highlights.html
https://www.un.org/development/desa/publications/world-population-prospects-2019-highlights.html
https://www.un.org/development/desa/publications/world-population-prospects-2019-highlights.html
https://doi.org/10.1093/annonc/mdu540
https://doi.org/10.1093/annonc/mdu540
https://doi.org/10.1002/ijc.33232
https://doi.org/10.1002/ijc.33232
https://doi.org/10.1016/j.jgo.2013.08.001
https://doi.org/10.1016/j.jgo.2013.08.001
https://doi.org/10.1016/j.jgo.2018.06.007
https://doi.org/10.1016/j.jgo.2018.05.015
https://www.cancer.net/survivorship/long-term-side-effects-cancer-treatment
https://www.cancer.net/survivorship/long-term-side-effects-cancer-treatment
https://doi.org/10.1186/s12955-022-02032-7
https://doi.org/10.1186/s12955-022-02032-7
https://doi.org/10.1158/1055-9965.EPI-16-1007
https://doi.org/10.1158/1055-9965.EPI-16-1007
https://doi.org/10.1093/jncimonographs/lgh031
https://doi.org/10.1093/jncimonographs/lgh031
https://doi.org/10.1016/j.jpainsymman.2014.11.296
https://doi.org/10.1007/s12254-020-00657-2
https://doi.org/10.1007/s12254-020-00657-2
https://doi.org/10.1007/s11764-017-0672-6
https://doi.org/10.1007/s11764-017-0672-6
https://doi.org/10.1016/j.jgo.2011.08.002
https://doi.org/10.1200/JCO.2004.02.175
https://doi.org/10.1200/JCO.2004.02.175
https://doi.org/10.1016/j.ejca.2008.11.028
https://doi.org/10.1038/s41408-022-00779-2
https://doi.org/10.1038/s41408-022-00779-2
https://doi.org/10.6004/jnccn.2021.0043
https://doi.org/10.6004/jnccn.2021.0043
https://doi.org/10.1111/j.1365-2648.2011.05896.x
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71


597Quality of Life Research (2024) 33:583–598	

1 3

	22.	 Critical Appraisal Skills Programme. CASP Checklist. May 6, 
2019. Accessed 12 Aug 2022. https://​casp-​uk.​net/​casp-​tools-​
check​lists/

	23.	 Singh, J. (2013). Critical appraisal skills programme. Journal of 
Pharmacology and Pharmacotherapeutics., 4(1), 76–76. https://​
doi.​org/​10.​4103/​0976-​500X.​107697

	24.	 Barendregt, J. J., Doi, S. A., Lee, Y. Y., Norman, R. E., & Vos, 
T. (2013). Meta-analysis of prevalence. Journal of Epidemiol-
ogy and Community Health., 67(11), 974–978. https://​doi.​org/​
10.​1136/​jech-​2013-​203104

	25.	 Hackett, M. L., & Pickles, K. (2014). Part I: Frequency of 
depression after stroke: An updated systematic review and 
meta-analysis of observational studies. International Journal 
of Stroke., 9(8), 1017–1025. https://​doi.​org/​10.​1111/​ijs.​12357

	26.	 Shi, X., Nie, C., Shi, S., et  al. (2017). Effect comparison 
between Egger’s test and Begg’s test in publication bias diag-
nosis in meta-analyses: Evidence from a pilot survey. Interna-
tional Journal of Research., 5, 14–20. https://​doi.​org/​10.​20431/​
2349-​0365.​05050​03

	27.	 Higgins, J. P., Thompson, S. G., Deeks, J. J., & Altman, D. 
G. (2003). Measuring inconsistency in meta-analyses. British 
Medical Journal., 327(7414), 557–560. https://​doi.​org/​10.​1136/​
bmj.​327.​7414.​557

	28.	 Biesma, B., Wymenga, A. N. M., Vincent, A., Dalesio, O., Smit, 
H. J., Stigt, J. A., Smit, E. F., van Felius, C. L., van Putten, J. 
W., Slaets, J. P., & Groen, H. J. (2011). Quality of life, geriatric 
assessment and survival in elderly patients with non-small-cell 
lung cancer treated with carboplatin–gemcitabine or carbopl-
atin–paclitaxel: NVALT-3 a phase III study. Annals of Oncol-
ogy., 22(7), 1520–1527. https://​doi.​org/​10.​1093/​annonc/​mdq637

	29.	 Clough-Gorr, K. M., Stuck, A. E., Thwin, S. S., & Silliman, R. 
A. (2010). Older breast cancer survivors: Geriatric assessment 
domains are associated with poor tolerance of treatment adverse 
effects and predict mortality over 7 years of follow-up. Journal 
of Clinical Oncology., 28(3), 380–386.

	30.	 Corre, R., Greillier, L., Caër, H. L., Audigier-Valette, C., Baize, 
N., Bérard, H., Falchero, L., Monnet, I., Dansin, E., Vergne-
nègre, A., & Marcq, M. (2016). Use of a comprehensive geri-
atric assessment for the management of elderly patients with 
advanced non–small-cell lung Cancer: The phase III rand-
omized ESOGIA-GFPC-GECP 08–02 Study. Journal of Clini-
cal Oncology., 34(13), 1476–1483. https://​doi.​org/​10.​1200/​JCO.​
2015.​63.​5839

	31.	 Cummings, A., Foster, R., Calman, L., Permyakova, N. V., 
Bridges, J., Wiseman, T., Corbett, T., Smith, P. W., & Foster, 
C. (2022). Quality of life and health status in older adults (≥65 
years) up to five years following colorectal cancer treatment: 
Findings from the ColoREctal Wellbeing (CREW) cohort study. 
PLoS One., 17(7), e0270033. https://​doi.​org/​10.​1371/​journ​al.​
pone.​02700​33. Published 2022 Jul 14.

	32.	 de Vries, J., Bras, L., Sidorenkov, G., Festen, S., Steenbakkers, 
R. J., Langendijk, J. A., Witjes, M. J., van der Laan, B. F., de 
Bock, G. H., & Halmos, G. B. (2020). Frailty is associated with 
decline in health-related quality of life of patients treated for 
head and neck cancer. Oral Oncology., 111, 105020. https://​doi.​
org/​10.​1016/j.​oralo​ncolo​gy.​2020.​105020

	33.	 Duan, L., Cui, H., Zhang, W., & Wu, S. (2022). Symptoms 
and experiences of frailty in lung cancer patients with chemo-
therapy: A mixed-method approach. Frontiers in Oncology., 12, 
1019006. https://​doi.​org/​10.​3389/​fonc.​2022.​10190​06. Published 
2022 Oct 6.

	34.	 Gharagozlian, S., Mala, T., Brekke, H. K., Kolbjørnsen, L. 
C., Ullerud, Å. A., & Johnson, E. (2020). Nutritional status, 
sarcopenia, gastrointestinal symptoms and quality of life after 
gastrectomy for cancer—a cross-sectional pilot study. Clinical 

Nutrition., 37, 195–201. https://​doi.​org/​10.​1016/j.​clnesp.​2020.​
03.​001

	35.	 Gilmore, N., Kehoe, L., Bauer, J., Xu, H., Hall, B., Wells, M., Lei, 
L., Culakova, E., Flannery, M., Grossman, V. A., & Sardari, R. A. 
(2021). The relationship between frailty and emotional health in 
older patients with advanced cancer. Oncologist., 26(12), e2181–
e2191. https://​doi.​org/​10.​1002/​onco.​13975

	36.	 Hamaker, M. E., Seynaeve, C., Wymenga, A. N., Xu, H., Hall, B., 
Wells, M., Lei, L., Culakova, E., Flannery, M., Grossman, V. A., 
& Sardari, R. A. (2014). Baseline comprehensive geriatric assess-
ment is associated with toxicity and survival in elderly metastatic 
breast cancer patients receiving single-agent chemotherapy: 
Results from the OMEGA study of the Dutch breast cancer trial-
ists’ group. Breast., 23(1), 81–87. https://​doi.​org/​10.​1016/j.​breast.​
2013.​11.​004

	37.	 Hamaya, T., Hatakeyama, S., Momota, M., Narita, T., Iwamura, 
H., Kojima, Y., Hamano, I., Fujita, N., Okamoto, T., Togashi, 
K., & Yoneyama, T. (2021). Association between the baseline 
frailty and quality of life in patients with prostate cancer (FRAQ-
PC study). International Journal of Clinical Oncology., 26(1), 
199–206. https://​doi.​org/​10.​1007/​s10147-​020-​01798-4

	38.	 Hurria, A., Togawa, K., Mohile, S. G., Klepin, H. D., Gross, C. 
P., Lichtman, S. M., Gajra, A., Bhatia, S., Katheria, V., & Klap-
per, S. (2011). Predicting chemotherapy toxicity in older adults 
with cancer: a prospective multicenter study. Journal of Clinical 
Oncology., 29(25), 3457–3465. https://​doi.​org/​10.​1200/​JCO.​2011.​
34.​7625

	39.	 Kim, Y. J., Kim, J. H., Park, M.-S., Lee, K. W., Kim, K. I., Bang, 
S. M., Lee, J. S., & Kim, C. H. (2011). Comprehensive geriatric 
assessment in Korean elderly cancer patients receiving chemo-
therapy. Journal of Cancer Research and Clinical Oncology., 
137(5), 839–847. https://​doi.​org/​10.​1007/​s00432-​010-​0945-1

	40.	 Kirkhus, L., Šaltytė Benth, J., Grønberg, B. H., et al. (2019). 
Frailty identified by geriatric assessment is associated with poor 
functioning, high symptom burden and increased risk of physical 
decline in older cancer patients: Prospective observational study. 
Palliative Medicine., 33(3), 312–322. https://​doi.​org/​10.​1177/​
02692​16319​825972

	41.	 Klepin, H. D., Tooze, J. A., Pardee, T. S., et al. (2016). Effect of 
intensive chemotherapy on the physical, cognitive, and emotional 
health of older adults with acute myeloid leukemia. Journal of the 
American Geriatrics Society., 64(10), 1988–1995. https://​doi.​org/​
10.​1111/​jgs.​14301

	42.	 Magnuson, A., Lei, L., Gilmore, N., et al. (2019). Longitudinal 
relationship between frailty and cognition in patients 50 years 
and older with breast cancer. Journal of the American Geriatrics 
Society., 67(5), 928–936. https://​doi.​org/​10.​1111/​jgs.​15934

	43.	 Mandelblatt, J. S., Clapp, J. D., Luta, G., et al. (2016). Long-term 
trajectories of self-reported cognitive function in a cohort of older 
survivors of breast cancer: CALGB 369901 (Alliance). Cancer, 
122(22), 3555–3563. https://​doi.​org/​10.​1002/​cncr.​30208

	44.	 Mandelblatt, J. S., Zhou, X., Small, B. J., et al. (2021). Deficit 
accumulation frailty trajectories of older breast cancer survivors 
and non-cancer controls: The thinking and living with cancer 
study. Journal of the National Cancer Institute., 113(8), 1053–
1064. https://​doi.​org/​10.​1093/​jnci/​djab0​03

	45.	 Mohile, S. G., Mohamed, M. R., Xu, H., Culakova, E., Loh, K. P., 
Magnuson, A., Flannery, M. A., Obrecht, S., Gilmore, N., Rams-
dale, E., & Dunne, R. F. (2021). Evaluation of geriatric assess-
ment and management on the toxic effects of cancer treatment 
(GAP70+): A cluster-randomised study. Lancet., 398(10314), 
1894–1904. https://​doi.​org/​10.​1016/​S0140-​6736(21)​01789-X

	46.	 Pandya, C., Magnuson, A., Flannery, M., Zittel, J., Duberstein, 
P., Loh, K. P., Ramsdale, E., Gilmore, N., Dale, W., & Mohile, 
S. G. (2019). Association between symptom burden and physical 
function in older patients with cancer. Journal of the American 

https://casp-uk.net/casp-tools-checklists/
https://casp-uk.net/casp-tools-checklists/
https://doi.org/10.4103/0976-500X.107697
https://doi.org/10.4103/0976-500X.107697
https://doi.org/10.1136/jech-2013-203104
https://doi.org/10.1136/jech-2013-203104
https://doi.org/10.1111/ijs.12357
https://doi.org/10.20431/2349-0365.0505003
https://doi.org/10.20431/2349-0365.0505003
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1093/annonc/mdq637
https://doi.org/10.1200/JCO.2015.63.5839
https://doi.org/10.1200/JCO.2015.63.5839
https://doi.org/10.1371/journal.pone.0270033
https://doi.org/10.1371/journal.pone.0270033
https://doi.org/10.1016/j.oraloncology.2020.105020
https://doi.org/10.1016/j.oraloncology.2020.105020
https://doi.org/10.3389/fonc.2022.1019006
https://doi.org/10.1016/j.clnesp.2020.03.001
https://doi.org/10.1016/j.clnesp.2020.03.001
https://doi.org/10.1002/onco.13975
https://doi.org/10.1016/j.breast.2013.11.004
https://doi.org/10.1016/j.breast.2013.11.004
https://doi.org/10.1007/s10147-020-01798-4
https://doi.org/10.1200/JCO.2011.34.7625
https://doi.org/10.1200/JCO.2011.34.7625
https://doi.org/10.1007/s00432-010-0945-1
https://doi.org/10.1177/0269216319825972
https://doi.org/10.1177/0269216319825972
https://doi.org/10.1111/jgs.14301
https://doi.org/10.1111/jgs.14301
https://doi.org/10.1111/jgs.15934
https://doi.org/10.1002/cncr.30208
https://doi.org/10.1093/jnci/djab003
https://doi.org/10.1016/S0140-6736(21)01789-X


598	 Quality of Life Research (2024) 33:583–598

1 3

Geriatrics Society., 67(5), 998–1004. https://​doi.​org/​10.​1111/​jgs.​
15864

	47.	 Pottel, L., Lycke, M., Boterberg, T., Pottel, H., Goethals, L., 
Duprez, F., Van Den Noortgate, N., De Neve, W., Rottey, S., 
Geldhof, K., & Buyse, V. (2014). Serial comprehensive geriatric 
assessment in elderly head and neck cancer patients undergoing 
curative radiotherapy identifies evolution of multidimensional 
health problems and is indicative of quality of life. European 
Journal of Cancer Care (Engl)., 23(3), 401–412. https://​doi.​org/​
10.​1111/​ecc.​12179

	48.	 Puts, M. T. E., Monette, J., Girre, V., Pepe, C., Monette, M., 
Assouline, S., Panasci, L., Basik, M., Miller, W. H., Jr., Batist, 
G., & Wolfson, C. (2011). Are frailty markers useful for predicting 
treatment toxicity and mortality in older newly diagnosed cancer 
patients? Results from a prospective pilot study. Critical Review in 
Oncology/Hematology., 78(2), 138–149. https://​doi.​org/​10.​1016/j.​
critr​evonc.​2010.​04.​003

	49.	 Quinten, C., Kenis, C., Decoster, L., Debruyne, P. R., De Groof, 
I., Focan, C., Cornélis, F., Verschaeve, V., Bachmann, C., Bron, 
D., & Luce, S. (2019). Determining clinically important differ-
ences in health-related quality of life in older patients with cancer 
undergoing chemotherapy or surgery. Quality of Life Research., 
28(3), 663–676. https://​doi.​org/​10.​1007/​s11136-​018-​2062-6

	50.	 Rønning, B., Wyller, T. B., Nesbakken, A., Skovlund, E., Jordhøy, 
M. S., Bakka, A., & Rostoft, S. (2016). Quality of life in older 
and frail patients after surgery for colorectal cancer—a follow-up 
study. Journal of Geriatric Oncology., 7(3), 195–200. https://​doi.​
org/​10.​1016/j.​jgo.​2016.​03.​002

	51.	 Shehu, E., Roggendorf, S., Golla, A., Koenig, A., Stangl, G. I., 
Diestelhorst, A., Medenwald, D., Vordermark, D., Steckelberg, A., 
& Schmidt, H. (2022). Development and evaluation of a multi-
modal supportive intervention for promoting physical function in 
older patients with cancer. Cancers (Basel)., 14(11), 2599. https://​
doi.​org/​10.​3390/​cance​rs141​12599. Published 2022 May 24.

	52.	 Williams, G. R., Deal, A. M., Sanoff, H. K., Nyrop, K. A., 
Guerard, E. J., Pergolotti, M., Shachar, S. S., Reeve, B. B., 
Bensen, J. T., Choi, S. K., & Muss, H. B. (2019). Frailty and 
health-related quality of life in older women with breast cancer. 
Supportive Care in Cancer, 27(7), 2693–2698. https://​doi.​org/​10.​
1007/​s00520-​018-​4558-6

	53.	 Cooley, M. E., & Siefert, M. L. (2016). Assessment of multiple 
co-occurring cancer symptoms in the clinical setting. Seminars 
in Oncology Nursing., 32(4), 361–372. https://​doi.​org/​10.​1016/j.​
soncn.​2016.​08.​003

	54.	 Atkinson, T. M., Ryan, S. J., Bennett, A. V., Stover, A. M., Sara-
cino, R. M., Rogak, L. J., Jewell, S. T., Matsoukas, K., Li, Y., 
& Basch, E. (2016). The association between clinician-based 
common terminology criteria for adverse events (CTCAE) and 
patient-reported outcomes (PRO): A systematic review. Support-
ive Care in Cancer, 24(8), 3669–3676. https://​doi.​org/​10.​1007/​
s00520-​016-​3297-9

	55.	 Kenzik, K. M., Martin, M. Y., Fouad, M. N., & Pisu, M. (2015). 
Health-related quality of life in lung cancer survivors: Latent class 
and latent transition analysis. Cancer, 121(9), 1520–1528. https://​
doi.​org/​10.​1002/​cncr.​29232

	56.	 Lee, L., Ross, A., Griffith, K., Jensen, R. E., & Wallen, G. R. 
(2020). Symptom clusters in breast cancer survivors: A latent 
class profile analysis. Oncology Nursing Forum., 47(1), 89–100. 
https://​doi.​org/​10.​1188/​20.​ONF.​89-​100

	57.	 Park, H., Lim, J., Baek, J. Y., Lee, E., Jung, H.-W., & Jang, I.-Y. 
(2021). Status of constipation and its association with sarcopenia 
in older adults: A population-based cohort study. International 
Journal of Environmental Research and Health., 18(21), 11083. 
https://​doi.​org/​10.​3390/​ijerp​h1821​11083. Published 2021 Oct 21.

	58.	 Gao, K., Ma, W. Z., Huck, S., Li, B.-L., Zhang, L., Zhu, J., Li, T., 
& Zhou, D. (2021). Association between sarcopenia and depres-
sive symptoms in Chinese older adults: Evidence from the china 
health and retirement longitudinal study. Frontiers in Medicine., 
8, 755705. https://​doi.​org/​10.​3389/​fmed.​2021.​755705. Published 
2021 Nov 17.

	59.	 Bai, A., Xu, W., Sun, J., Liu, J., Deng, X., Wu, L., Zou, X., Zuo, J., 
Zou, L., Liu, Y., & Xie, H. (2021). Associations of sarcopenia and 
its defining components with cognitive function in community-
dwelling oldest old. British Medical Center Geriatrics., 21(1), 
292. https://​doi.​org/​10.​1186/​s12877-​021-​02190-1

	60.	 Syrjala, K. L., Stover, A. C., Yi, J. C., Artherholt, S. B., & 
Abrams, J. R. (2010). Measuring social activities and social func-
tion in long-term cancer survivors who received hematopoietic 
stem cell transplantation. Psycho-Oncology, 19(5), 462–471. 
https://​doi.​org/​10.​1002/​pon.​1572

	61.	 King, M. T. (1996). The interpretation of scores from the EORTC 
quality of life questionnaire QLQ-C30. Quality of Life Research., 
5(6), 555–567. https://​doi.​org/​10.​1007/​BF004​39229

	62.	 Torta, R., Ieraci, V., & Zizzi, F. (2017). A review of the emotional 
aspects of neuropathic pain: From comorbidity to co-pathogene-
sis. Pain and Therapy, 6(Suppl 1), 11–17. https://​doi.​org/​10.​1007/​
s40122-​017-​0088-z

	63.	 de Sousa, D. E., de Carli, M. N., Fernandes, R. C., Trindade, 
D. B., Laviano, A., Pichard, C., & Pimentel, G. D. (2020). Are 
depression and anxiety disorders associated with adductor polli-
cis muscle thickness, sleep duration, and protein intake in cancer 
patients? Experimental Gerontology., 130, 110803. https://​doi.​
org/​10.​1016/j.​exger.​2019.​110803

	64.	 Fu, P., Zhou, C., & Meng, Q. (2020). Associations of sleep quality 
and frailty among the older adults with chronic disease in China: 
The mediation effect of psychological distress. International Jour-
nal of Environmental Research and Public Health., 17(14), 5240. 
https://​doi.​org/​10.​3390/​ijerp​h1714​5240. Published 2020 Jul 20.

	65.	 Gobbens, R. J., Schols, J. M., & van Assen, M. A. (2017). Explor-
ing the efficiency of the Tilburg frailty indicator: a review. Clini-
cal Interventions in Aging, 12, 1739–1752. https://​doi.​org/​10.​
2147/​CIA.​S1306​8665. Published 2017 Oct 19.

	66.	 Zhou, S., & Shen, C. (2022). Avoiding definitive conclusions in 
meta-analysis of heterogeneous studies with small sample sizes. 
JAMA otolaryngology—Head & Neck Surgery, 148(11), 1003–
1004. https://​doi.​org/​10.​1001/​jamao​to.​2022.​2847

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1111/jgs.15864
https://doi.org/10.1111/jgs.15864
https://doi.org/10.1111/ecc.12179
https://doi.org/10.1111/ecc.12179
https://doi.org/10.1016/j.critrevonc.2010.04.003
https://doi.org/10.1016/j.critrevonc.2010.04.003
https://doi.org/10.1007/s11136-018-2062-6
https://doi.org/10.1016/j.jgo.2016.03.002
https://doi.org/10.1016/j.jgo.2016.03.002
https://doi.org/10.3390/cancers14112599
https://doi.org/10.3390/cancers14112599
https://doi.org/10.1007/s00520-018-4558-6
https://doi.org/10.1007/s00520-018-4558-6
https://doi.org/10.1016/j.soncn.2016.08.003
https://doi.org/10.1016/j.soncn.2016.08.003
https://doi.org/10.1007/s00520-016-3297-9
https://doi.org/10.1007/s00520-016-3297-9
https://doi.org/10.1002/cncr.29232
https://doi.org/10.1002/cncr.29232
https://doi.org/10.1188/20.ONF.89-100
https://doi.org/10.3390/ijerph182111083
https://doi.org/10.3389/fmed.2021.755705
https://doi.org/10.1186/s12877-021-02190-1
https://doi.org/10.1002/pon.1572
https://doi.org/10.1007/BF00439229
https://doi.org/10.1007/s40122-017-0088-z
https://doi.org/10.1007/s40122-017-0088-z
https://doi.org/10.1016/j.exger.2019.110803
https://doi.org/10.1016/j.exger.2019.110803
https://doi.org/10.3390/ijerph17145240
https://doi.org/10.2147/CIA.S13068665
https://doi.org/10.2147/CIA.S13068665
https://doi.org/10.1001/jamaoto.2022.2847

	Associations of frailty with symptoms, and HRQOL in older cancer survivors after cancer treatments: a systematic review and meta-analyses
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Plain English Summary
	Introduction
	Conceptual framework

	Methods
	Search strategies and data sources
	Inclusion and exclusion criteria
	Study selections and screeningdata extraction, and data synthesis
	Methodological quality appraisal
	Meta-analytical and statistical methods
	Pooled mean estimates of frailty, symptoms, and HRQOL
	Publication bias
	Meta-regression


	Results
	Search results and methodological quality evaluation
	Study characteristics
	Frailty, symptoms, and HRQOL
	Meta-analyses
	Publication bias and test of heterogeneity
	Pooled estimates of frailty, symptoms, and HRQOL
	Meta-regression


	Discussion
	Symptom and HRQOL assessment
	Associations of frailty with symptoms and HRQOL
	Limitations

	Conclusions
	Acknowledgements 
	References




