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Purpose: With the accelerating ageing population, frailty has emerged as a critical concern among older cancer patients. The purpose
of the study was to develop a valid and reliable Comprehensive Frailty Assessment Tool for Older Adults with Cancer (FOAC) in
China.

Patients and Methods: The FOAC was developed in 4 phases. Phase 1: Conceptualization and Item Generation:32 items were
formulated from the literature. Phase 2: Content validation of the FOAC by modified Delphi method. Phase 3: Face validity index
(FVI) was calculated by recording the views of two groups, including older adults with cancer and those with professional roles. Phase
4:Using CGA-determined frailty as the dependent variable, receiver operating characteristic (ROC) curve analysis was conducted
using FOAC, FP, and aCGA frailty screening scales as independent variables and their area under the curve (AUC), sensitivity,
specificity, cut-off value, predicted value, and accuracy were determined. Internal consistency reliability measurement was assessed
with Cronbach’s alpha.

Results: The FOAC has 30 items. Physiological dimension (11 items). Psychological & cognitive dimension (12 items). Social
support (7 items). the results of this study demonstrated that the overall Cronbach’s alpha coefficient of the scale was 0.869.
Conclusion: The FOAC is a valid and reliable frailty screening tool that significantly addresses the problems of existing frailty
assessment tools, such as single dimension, low sensitivity, complex scoring, and insufficient clinical applicability. It contributes to
guiding healthcare professionals in providing more accurate diagnosis, treatment, and cancer management for older adults.
Keywords: frail elderly, cancer survivors, geriatric assessment, ROC curve, sensitivity, specificity

Introduction

The malignant tumor prevalence is gradually rising with the growth of the older adult population and the prolongation of
their life span.’ By 2050, the global aging population will reach 1.6 billion, with China reaching 430 million. According
to the cancer prevalence rate of older adults (278.07/100,000), 1.2 million Chinese will develop cancer, posing a huge
burden to social medical resources.? The physiological reserves of patients with cancer are reduced because of the disease
itself, and diverse treatments further increase the body burden, making their physiological reserves tenser.” Therefore,
frailty is particularly prevalent in patients with cancer. The frailty prevalence in the older adult population with cancer
ranges from 6 to 86%, with a 42% median prevalence.*

The International Association of Gerontology and Geriatrics (IAGG) consensus defines frailty as “a state of decreased
strength and abnormal physiological function that increases an individual’s dependence, vulnerability, and susceptibility to
death”.” Thus, frailty is an important cause of heterogeneity in the health status of older adults with cancer.® Nieman et al’s
research shows that frailty is not only an independent predictor of death for inpatients with head and neck cancer but also

Clinical Interventions in Aging 2025:20 951-967 951
Received: 14 December 2024 © 2025 Jiang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are avallahle at https://www.dovepress.com/terms.php
A and incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creati /by-nc/4.0/). By accessing the work

Accepted: 20 June 2025
Published: 1 July 2025

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press lelted provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0009-0008-9844-5142
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Jiang et al

increases the incidence of postoperative complications in these patients.” Nieman et al’s research shows that frailty is not only
an independent predictor of death for inpatients with head and neck cancer but also increases the incidence of postoperative
complications in these patients.® Frailty can also shorten the survival period of patients undergoing tumour surgery, radio-
therapy and chemotherapy,” reduce the quality of life,'” increase the length of hospital stay, costs, and readmission rates among
patients.'" In summary, among older cancer patients, frailty has been proven not only to predict adverse outcomes but also to
directly cause the occurrence of various adverse outcomes.

If timely identification and corresponding measures can be taken to prevent frailty, it can delay death and improve the
quality of life of older adults.'> In 2013, the European Union Geriatrics Association proposed to incorporate frailty
screening in routine clinical work to better comprehend the survival prognosis, risk of complications, and hospitalization
expenses of older adult inpatients better.'* The risk of adverse outcomes (complications, discharge from home, length of
stay, and total hospitalization expenses) of patients in a weakened state during hospitalization was found to be much
higher than that of those in a non-weakened state by Rossello in 91618 patients with prostate cancer.'* Preoperative
screening was suggested to be conducted to prevent or reduce the prevalence of adverse events.'® Therefore, it is
essential to determine frailty in older adults with cancer, prompting the development of various frailty assessment tools
over the past few decades.

However, more universally accepted reference standards and optimal assessment methods are required for frailty. The
most widely used is the Fried frailty phenotype, while most of the others are derived from these tools.'> According to the
Fried phenotype theory, introduced in 2001, frailty in the physical domain is defined using indicators like natural weight
loss, self-reported fatigue, slow walking speed, low grip strength, and low physical activity. The most widely used tool
for general frailty assessment is the frailty phenotype (FP) scale. However, its application in older adults with cancer is
limited owing to its single-dimensional focus on physical frailty.'® The FRAIL scale is brief and easy to use but lacks
a psychosocial dimension.'” The subsequently developed Edmonton Frail Scale (EFS) integrates cognitive and emotional
dimensions.'® Groningen Frailty Indicator (GFI) have begun to incorporate the assessment of social participation.'”
However, these scales were all developed based on the normal older population in Western cultural contexts. They thus
cannot fully capture the specific expressions related to cancer in different cultural backgrounds.

Currently, frailty, in the context of the comprehensive geriatric assessment (CGA), is the reference standard for
identifying and managing frailty. The assessment extends over aspects such as patient psychology, physiological
function, comorbidities, cognition, nutrition, social support, the status of medication treatment, and fatigue.?’ Although
the gold standard for diagnosing frailty is CGA, it has a complex assessment process and takes several hours to complete.
The tools for measuring CGA dimensions are still being determined, with no unified standard for defining the critical
value of frailty.® The development of abbreviated comprehensive geriatric assessment (aCGA) is aimed at pre-screening
older patients with frailty to assess who will ultimately benefit from a complete CGA.?' In 2005, Overcash et al initially
formulated the dimensions and items of the aCGA scale, including three dimensions of depression, physical function, and
cognition, with 15 items.** In 2021, the Chinese scholar Lin Yan developed a widely used multidimensional frailty
assessment tool by adding the dimensions of nutrition, comorbidity burden, and geriatric syndrome to the traditional
aCGA scale.”® The aCGA has a certain standardized framework; however, the evaluation content and methods applied in
different regions and medical institutions may differ.

Although frailty assessment tools have been used worldwide, the following issues are noted in their application: (1)
With the development of modern medical biology and health ecology concepts, and the proposal of multidimensional

frailty concepts,?**>

some measurement items, such as social function levels, need to be reflected in the frailty
assessment, which cannot reflect the multidimensional frailty concept;'® (2) Most assessment tools were initially
developed in the Western countries. Therefore, their theoretical basis and the criteria of evaluation may not completely
align with the actual situation of older adults with cancer in China. The assessment of “weight loss” is primarily based on
Western dietary habits and lifestyle and is considered an essential indicator of frailty.”® Changes in weight among elderly
individuals in China are often closely related to factors such as different dietary structures or lack of nutrition.”’
Subsequently, this leads to different manifestations of frailty symptoms, affecting assessment accuracy. (3) Complex
scoring methods may be observed in some frailty assessment tools that require more time and effort by the clinicians,*®

thereby affecting the popularization and implementation of the tools. Furthermore, most assessment tools focus on
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disease assessment or nutritional function, lacking an integrated perspective that incorporates “patient matters”, such as
self-management ability and subjective experience, into the assessment system. Moldovan et al proposed that the
sustainability of medical services should be based on a systematic assessment of patient matters. Therefore, assessing
frailty in older cancer patients should incorporate multi-dimensional factors such as “patient matters”.>’

Thus, international and government agencies have advised all healthcare personnel to comprehend frailty better and
timely identify and manage vulnerable groups to facilitate successful and effective management of frailty in old adults
with cancer.'

The Social Determinants Of Health (SDOH) emphasize the crucial role of social factors in shaping frailty trajectories
and proposes the integration of “social frailty” into the frailty screening framework.?® Guided by the health ecological

model,31

this study developed a comprehensive frailty assessment tool (FOAC) that integrates social support as an
essential dimension with physical and cognitive-psychological factors. This tool embodies the concept of multi-
dimensional health and resonates with the latest paradigm in international frailty research. Furthermore, the study also

proposed standardized criteria for the evaluation of clinical frailty.

Materials and Methods

Theoretical Framework

The theory of the health ecology model (HEM) proposes that the health of individuals and populations is the result of
mutual dependence and restriction among individual factors, behavior, and lifestyle factors, and affects the health through
multi-layer interactions.’' Thus, this study generated the initial items and dimensions based on the HEM.

The development of the assessment tool and validation of items for the comprehensive frailty assessment tool for
older adults with cancer (FOAC) was undertaken in the following four phases: Phase 1, generating items that suit the
study purposes by reviewing the relevant literature; Phase 2, evaluating content validity using the modified Delphi
method; Phase 3, assessing face validity by conducting a pilot test of the modified instrument; and Phase 4, using the
CGA (Comprehensive geriatric Assessment, CGA) scale as the gold standard.?? The screening accuracy of aCGA, FP,
and FOAC, which are currently widely used globally was compared and their clinical application value was explored.
The development and validation process is shown in Figure 1.

Phase I: Conceptualization and Item Generation

First, according to the HEM, the three dimensions of the FOAC were determined for physical function, psychological
cognition, and social support, and the specific connotation of the dimensions in nursing research leadership was discussed
by the research group of this study based on the literature review. After discussion with team members, a consensus was
reached that the “physical functional dimension” should cover individuals’ physiological characteristics and states,
including the structure, function, functionality, and health status of the body.>*** How individuals process, understand,
and respond to information at the psychological level comprises the psychological cognitive dimension. This dimension
includes the psychological processes such as thinking, perception, memory, and emotions in humans.>>*® The social
support dimension should include individual support and assistance from family, friends, colleagues, and social networks
and emphasize the impact of social relationships on individual psychological and physiological health.*”*® The potential
subject of the scale was also considered during the conceptualization procedure.

The items were generated using a literature review. The literature was searched on several databases, including
PubMed, Web of Science, Cochrane Library, and Embase, using combined theme and free words, with theme words
determined based on the MeSH thesaurus and searched in both Chinese and English languages, eg, “frailty” OR “frail*”
OR “frailty” OR “frailty syndrome” OR “weak” OR “decline” OR “feeble”) AND (“oncology” OR “cancer” OR
“neoplasms” OR “tumo*r” OR “cancer” OR “malignancy””) AND (“Olderly” OR “older” OR “aged” OR “aging” OR
“elder” OR “the old” OR “old*patient” OR “old*person” OR “seniors” OR “senior citizen” OR “geriatric”) AND
(“assessment tool” OR “instrument” OR “indicator” OR “scale”). Moreover, the guidelines and latest updates for clinical
and community management of frailty by the World Health Organization, the National Comprehensive Cancer Network,
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Figure | The development and validation process flow diagram.
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and IAGG were reviewed and analyzed for quantitative content. A total of 32 items were generated for the initial
questionnaire after the literature review.

Phase 2: Content Validity
The content validity indices (CVI) were calculated for both the individual items (I-CV1) and the entire scale (S-CVI) to
ensure the legitimacy of the preliminary questionnaire’s content using the modified Delphi method.***° Considering that
this study uses the modified Delphi method to verify content validity, the number of experts was selected according to the
requirements of content validity. The minimum acceptable expert number is two for content validation; however, most
recommendations propose a minimum of six experts. Considering the recommendations (5-8) and the author’s experi-
ence, the number of experts for content validation should be at least 6, not exceeding 10.*'

The Modified Delphi Technique commenced with an invitation round and two written rounds. Thus, a CVI tool and the
first draft of the FOAC scale were sent to 10 expert reviewers who were cautiously selected based on their expertise in
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academics, instrument development research, and healthcare. The expert panel included two oncologists, four registered
nurses, two nursing professors, and two geriatricians. The inclusion criteria for experts are as follows: (DDegree: Possessing
a master’s or doctoral degree and holding a professional title of associate senior or above; (2) Working experience: Having
over 10 years of experience in the relevant professional field; (3 Professional field: Having experience in oncology,
geriatrics, nursing education or scale development. (4) Geographical coverage: Experts come from different levels of medical
institutions in Anhui Province, China, including cities, counties and towns, to ensure the applicability in different regions. For
specific information, please refer to Supplementary Table 1. Based on the relevance of the item content to frailty, each expert

was asked to rate each questionnaire item. The experts were asked to assess how well each item corresponds to or reflects
a specific domain on a four-point Likert scale. The scoring method was as follows: 1, not relevant; 2, somewhat relevant; 3,
relevant; and 4, highly relevant.*® The experts were also invited to comment on each item and the general formulations of the
initial questionnaire. Post-completion of the first round of expert consultation, content validation indices (state here) were
computed using Excel and the comments were reviewed by the researcher and supervisors. Corrections were performed
according to the scale as indicated. Following this, the corrected scale was sent again for the second round of expert
consultation as the first round. The requirements and process for each round of inquiry were the same. When no differences
in the results of the expert inquiry and consensus were reached, the inquiry ended. No further correspondence was needed
when the problems in the evaluation index system could reach the concentration of expert opinions in the second round. If
there is no consensus, the next round of consultation is performed, the specific process is shown in Supplementary Figure 2.

Finally, all the contents achieving a consensus were included in the new version of the FOAC.

Phase 3: Face Validity

This study used the face validity index (FVI) to develop FOAC, which is primarily used to measure the frailty status of
older adults with cancer.*?

The face validity was determined by recording the views of two groups, including older adults with cancer and those
with professional roles. The recorded items were presented to 18 participants, including 10 older adults with cancer aged
60 to 75 years, and eight professional roles (three geriatric nurses, three oncology nurses, and two geriatric nursing
educators). This study adopted face-to-face surveys, where researchers held face-to-face meetings with participants to
introduce the methods and objectives of the meeting, applicable conditions, the definition of time points, scoring
methods, and precautions of the scale. The raters were asked to assess how well each item corresponds to or reflects
a specific domain on a 4-point Likert scale. The scoring method was as follows: 1, not relevant; 2, somewhat relevant; 3,
relevant; and 4, highly relevant. During the filling process, researchers encourage participants to express their opinions
and opinions to ensure a consistent understanding of the items and dimensions. They were asked to answer every item, to
comment on the ease of understanding each item, and to identify any ambiguous words or phrases. Moreover, the average
length of time used to complete the questionnaire was assessed.

Phase 4: Criterion Validity

The validation of calibration validity is primarily based on a recognized and valid scale, investigating the correlation
between the measurement results of the current scale and standard scales’ measurement results. The measured correlation
coefficient is the validity of the current scale, and the larger the correlation coefficient, the better the calibration validity
of the scale.*?

This study used CGA as the calibration standard for the dichotomous population determined by the gold standard, that
is, “frail” and “non-frail”. The diagnostic tests that should be evaluated were used to predict, and the diagnostic results
were written as positive and negative. Additionally, the screening accuracy of three frailty screening scales, the FOAC,
FP, and aCGA, were compared using CGA-determined frailty as the dependent variable, and their clinical application
values were explored to provide a reference for clinical cancer frailty treatment in China.

Sample and Data Collection
After item generation, content validation, and face validation, systematic sampling methods based on registration for
outpatients in the First affiliated hospital of Bengbu Medical University were recruited. Bengbu Medical College First
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Affiliated Hospital is an important cancer treatment centre in Anhui Province that serves patients who are directly or
indirectly referred from Bengbu city and its surrounding areas. Therefore, the eligible participants represent a diverse
group of participants from all districts in Bengbu and could thus be said to represent the older adults with cancer within
the district area from which they live.

The inclusion criteria were as follows: (1) age >60 years; (2) those diagnosed with a malignant tumor by pathological
examination and were fully aware of their condition; (3 those with normal reading, comprehension, and expression skills and
could undergo physical assessment tests; (4) those who signed the informed consent and voluntarily participated in the study; and
(8 those with the expectation of life > 6 months. Based on information such as tumor type, tumor stage, and patient condition,
specialized medical personnel made judgments based on their experience).** According to the literature, the ratio of frailty to
non-frailty is 0.42/0.58. The sensitivity and specificity of the standard method (aCGA) are 85% and 80%, respectively.*’
However, the sensitivity and specificity of the new method (FOAC) were anticipated to reach 90% (taking a. =0.05, f=0.2. Using
the PASS 2021 software and considering a 10% invalid response, the calculated sample size was 72 cases of frailty and 99 cases
of non-frailty, totaling 171 cases.

Research Instruments

1. Sociodemographic data questionnaire: age (based on the date of birth, calculate the actual age of the older adults);
sex; education level; marital status; living conditions (Living alone or with family members);per capita monthly
income of the family; and type of medical insurance. Disease history: tumor type; metastasis status; surgical type;
and the coexistence of multiple diseases.

2. FP: It was proposed by Fried et al*? in 2001 and comprises weight loss, low grip strength, fatigue, and standing
and walking timing tests. After the Chinese translation, this scale has become one of China’s most commonly used
frailty assessment tools, with five dimensions of low physical activity.*® Among them, the physical activity level
assessment adopts the International Physical Activity Short Questionnaire.*” The scoring method is as follows:
“Yes” scored 1 point, “No” scored 0 points, and the total score ranges from 0 to 5 points. Based on the FP
evaluation criteria, > 3 points indicated frailty. The Cronbach’s alpha of this scale is 0.801.

3. CGA: The CGA assessment system includes functional status, comorbidities, combination therapy, nutrition,
cognition, psychology, socio-economic status, and geriatric syndrome.*® (a) Functional dependence:*° The
Katz Activities of Daily Living (ADL) scale evaluates whether patients can independently complete tasks such
as bathing, dressing, toileting, moving, eating, and controlling urination and defecation. Each item is scored 1
point, with<6 points indicating impaired ADL. The Lawton Instrumental Activities of Daily Living (ADL) Scale
evaluates whether patients can independently complete 8 daily activities, including household chores, financial
management, phone use, medication, etc. 1 point for each item<8 points indicates IADL limited. (b) High risk of
falling:>' Perform a 3 m standing-up walking test to evaluate the patient’s walking gait and balance ability. If the
timing is more significant than 13 seconds or cannot be completed, it is defined as a high risk of falling. Have
a history of falls or not in the past year. (c) Combined diseases:***® The Charlson comorbidity index (CCI)
evaluates the severity of comorbidities in patients, with a score of > 4 indicating severe comorbidities. (d) Multiple
use of medication: taking at least 5 oral medications. (¢) Cognition:**>® The Mini-Mental State Examination
(MMSE) scale has a total score of 30 points, adjusted for educational level, with an illiterate (uneducated) group
scoring 17 points; 20 points for primary school (education years < 6 years) group; 24 points for high school or
above (education years>6 years) group. Below the threshold value is cognitive impairment, while above is
expected. (f) Depressive state:*>>° The Geriatric Depression Scale (GDS-15) has a total score of 15 points, with
a score of > 7 indicating depression. (g) High risk of malnutrition/malnutrition:**® Mini nutritional assessment
(MNA) scale, 17-23 malnutrition risk <17 malnutrition. (h) Have there been any symptoms of urinary incon-
tinence in the past year? (i) Insufficient social support,®® including the availability of caregivers and the ability to
pay for medical expenses. (j) Visual and hearing impairments: Visual or hearing impairments affect daily life. (k)
Pain: Numerical Analog Scale (NAS), with a total score of 10 points, with a score greater than 7 indicating pain.

49,52

According to the recommendations of the Gerontology Oncology working group, if a patient has > 2 abnormal

indicators, it is defined as frailty.
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4. aCGA: To add three dimensions of functional indicators, concurrent diseases, and geriatric syndrome to Overcash,
This study used the Chinese version of aCGA by Lin Yan et al.*® The Chinese version of the aCGA grading
criteria is revised as follows: including Activities of Daily Living (ADL),>® Instrumental ADL,>* Mini Nutritional
Assessment Short form,”> Geriatric Depression Scale,’® comorbidity burden,”” and geriatric syndrome, totaling 5
dimensions and 40 items. This scale covering the primary content of the overall assessment compared to a single
physical condition score assigns a total score of 9 points.

5. FOAC: After surface validity and content validity tests, FOAC had three dimensions namely, physical function,
psychological cognition, and social support, with a total of 30 items. Of these, 29 were scored using the Likert
4-point scoring method (language repetition items were not scored in the psychological cognition dimension), with
a score range of 29 to 116 points.

Statistical Analysis

The statistical software used in this study was IBM® SPSS Statistics (version 26.0, manufacturer: IBM Corporation, USA).
The ROC curve analysis was also completed using MedCalc® 20.010 software (manufacturer: MedCalc Software Ltd,
Belgium).

Statistical significance was set at p<0.05. Demographic characteristics were described using descriptive statistics,
such as means and frequency for continuous and categorical variables, respectively, as appropriate. As for the expert
panel evaluation, Microsoft Excel was used to analyze the content validity index (CVI) and Face validity index (FVI) in
content and face validity, respectively.

Using CGA-determined frailty as the dependent variable, receiver operating characteristic (ROC) curve analysis was
conducted using FOAC, FP, and aCGA frailty screening scales as independent variables. The ROC curves of each
variable were plotted using MedCalc, and their area under the curve AUC (Area Under Curve), sensitivity, specificity,
cut-off value, predicted value, and accuracy were determined. The AUC differences of various variables were compared
using the Delong test and statistical significance was determined. Generally, AUC values of 0.5-0.7, 0.7-0.9, and
0.9-1.0 represent low, high, and extremely high prediction accuracies, respectively.’® The test level a=0.05.

Ethical Consideration

The institutional review board/ethics committee reviewed and approved the study protocol. The Jawatankuasa Etika
Penyelidikan (Manusia) JEPeM University Sains Malaysia (JEPeM Code: USM/JEPeM/KK/24010126) and Ethics
Committee of Bengbu Medical University (protocol code KLZP [2023] No.257) provided the ethical approval.
Potential study participants were provided with a detailed study description and were assured of confidentiality.
Written and informed consent was obtained from each participant. The participants were also informed regarding the
voluntary nature of the study participation and completion without any negative consequences.

Results

Demographic Characteristics

A total of 171 older adults with cancer participated in this cross-sectional study. There were 87 men and 84 women.
Participant details are presented in Table 1. The collected questionnaires were screened according to the standard and all
items with the same answer that remained unanswered within the specified time were deleted. The final distribution of
195 questionnaires resulted in 171 valid responses, with an effective response rate of 87.69%.

Phase I: Item Generation

In the preliminary phase, after reviewing the relevant literature and guidelines, 32 items were extracted. Then, items were
organized into four subscales with sub-domains. After removing three repetitive items, the first draft of FOAC included
32 items (12, 13, and 7 items on the physical functional, psychological and cognitive, and social support dimensions,
respectively).
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Table | Characteristics of the Study Participants

Variable Category N %
Gender
Male 87 | 50.9
Female 84 | 49.1
Age (years),
60~ 20 | 117
65~ 50 | 292
70~ 72 | 42.1
75~ 25 | 146
80~ 4 23
Marital status
Unmarried/Divorced/Widowed 99 | 57.9
Be married 72 | 42.1
Education
Uneducated 50 | 292
Primary school 29 | 17.0
Junior middle school 22 | 129
High school 42 | 246
Bachelor or above 28 16.4
Medical insurance type
Urban resident medical insurance 52 | 304
Urban employee medical insurance 62 | 363

New Rural Cooperative Medical Insurance | 57 | 33.3

Living situation

Living alone 48 | 28.1
Living with family members 123 | 71.9
Average monthly income of family(CNY)
<1000 42 | 24.6
1001~2000 46 | 26.9
2001~3000 54 | 31.6
23001 29 | 17.0
Cancer type
Head and neck tumors 28 | 164
Chest tumor 48 | 28.1
Cancer of the digestive system 45 | 263
Reproductive system tumors 17 9.9
Blood cancer 33 19.3
Disease course
<6 months 42 | 245
6—12 months 54 | 31.6
>12 months 75 | 439
Transfer status
Not transferred 18 | 10.5
Local transfer 6l 35.7
Distance transfer 92 | 538
Comorbidity
No 28 | 164
1~3 60 | 35.1
>3 83 | 485
(Continued)
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Table | (Continued).

Variable Category N %
Surgical operation
Unoperated 32 | 187
Radical operation 62 | 363
Palliative operation 77 45
Clinical stages
Stage | 35 | 205
Stage || 69 | 404
Stage IlI 50 | 292
Stage IV 17 9.9

Phase 2: Content Validity

The standard of expert consensus was set at I-CVI (Item Content Validity Index) > 0.7. Meanwhile, following the

suggestions of Polit et al, items with I-CVI values below the standard were deleted or modified.*

Based on the comments of the expert panel, two items with item-level content validity index (I-CVI) values of 0.40

and 0.60 were excluded, three items were revised and 27 items were retained (Table 2). After excluding two items with
unsatisfactory I-CVI, the scale-level content validity index (S-CVI)/Ave and S-CVI/UA values of the 30 items were 0.89
and 0.94, respectively (Table 2). Item-wise modified kappa statistics for FOAC ranged between 0.245-1.
Based on both the indices (I-CVI and S—CVI) and Modified Kappa Statistics, the FOAC elicited overall acceptable

content validity.

Table 2 Rating and Calculation of Item-Level Content Validity Index (I-CVI) and S-CVI of the Comprehensive Frailty Assessment Tool
for Older Adults with Cancer (FOAC)

Item Rating 3 | Rating I | I-CVI | Modified
and 4 and 2 Kappa
Physiological dimension: Level of Activity and Nutrition
|. Bowel control 9 | 0.9 0.899
2. Bladder control 8 2 0.8 0.791
3. Toilet use 10 0 1.0 |
4. Bathing 9 | 0.9 0.899
5. Feeding 8 2 0.8 0.791
6. Dressing 9 | 0.9 0.899
7. Transfer (bed to chair) 10 0 1.0 |
8. Stairs 9 | 0.9 0.899
9. Have you reduced your food intake in the past three months due to decreased appetite, 8 2 0.8 0.791
digestive problems, or difficulty chewing or swallowing?.
10. Weight loss in the past three months 8 2 0.8+ 0.791
11.BMI 8 2 0.8 0.791
12. Activity capability 4 6 0.4* 0.245
(Continued)
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Table 2 (Continued).

organizations (such as food delivery services, volunteer services, etc.)!

Item Rating 3 | Rating | | I-CVI | Modified
and 4 and 2 Kappa

Psychological dimension:Level of psychological and cognition

13. Basically, are you satisfied with life? 5 5 0.5t 0.337

14. Do you often feel bored? 8 2 0.8 0.791

15. Do you often feel that whatever you do could be more helpful? 10 0 1.0 |

16. Do you prefer staying at home rather than going out and doing new things? 9 | 0.9 0.899

17. Do you feel that you are living without value now? 8 2 0.8 0.791

18. Draw a pentagram or copy a simple shape (such as a parallelogram) 9 | 0.9 0.899

19. Connect in order (from | to 10) * 10 0 1.0 |

20. Naming: Provide three pictures and ask the patient to name them* 8 2 0.8* 0.791

21. Language repetition ability: Beijing is the capital of China. The cat always hides under the sofa | 8 2 0.8 0.791
when the dog is in the room.

22. Memory: Read 3 vocabulary sets, then have the patient repeat the above process twice and | 9 | 0.9 0.899
recall later. (No scoring)

23. Attention: Repeat order: 2-1-8-5-4; Inverted back: 742 8 2 0.8 0.791

24. Delayed recollection: “I just read you a few words to remember; please try to recall them | 8 2 0.8 0.791
again and tell me what these words are

25. Orientation: “Tell me what date it is today” “Tell me where | am now” 10 0 1.0 |

Social support dimension:

26. When you feel lonely, can someone accompany you? 10 0 1.0 |

27. Can anyone provide emotional support when you feel anxious or depressed? 10 0 1.0 |

28. Do you have any friends or relatives who can accompany you when you need medical 9 | 0.9 0.899
treatment?

29. Can anyone help you with daily activities such as shopping, cooking, and cleaning? 9 | 0.9 0.899

30. Can anyone assist you with medical insurance and expense reimbursement during your 10 0 1.0 |
treatment period?

31. Do you have the opportunity to participate in support groups for elderly people or patients | 8 2 0.8 0.791
with similar illnesses?

32. Have you received assistance from community organizations or non-governmental 8 2 0.8 0.791

Notes: Total Items = 32 Number of Experts= 10. Tdeleted item; *revised item; *For detailed information, please refer to Supplementary Figure |.

Ph

This study adopted the method proposed by Yusoff et al (2019) to calculate FVI.** I-FVI = Number of rater scoring 3 or 4/

ase 3: Face Validity

number of rater*? and the criterion for expert consensus was established as I-FVI > 0.7.

participants, most of the items with I-FVI values of over 0.7, 3 items were revised. Only a few minor issues were

reported during the discussion meetings considering the phrasing and wording of the FOAC. Therefore, minor revisions

The FOAC was applied to 18 participants to assess the face validity of the test items. Based on the comments of the
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were made during this phase. For example, the eighth item in the psychological and cognitive dimension provides three
cards printed with lions, rhinoceroses, and camels, modified to incorporate goats, roosters, and water buffaloes that are
more common among elderly individuals in China. The seventh connecting question will modify the sequence of Chinese
characters such as “F7, Z, W, T, and /&~ to more easily comprehensible Arabic numerals ranging from 1 to 10.
Additionally, according to the evaluation opinions of the expert group, in the social support dimension, “Is there anyone
who can help you with daily activities?”” Was modified to “Is there anyone who can help you with daily tasks such as
shopping, cooking, and cleaning in daily life?”” The fluency and comprehensibility for the FOAC were confirmed by all
the participants, indicating the good face validity of the test.

Phase 4: Criterion Validity

The frailty determined by CGA was taken as the dependent variable (CGA > 2 and < 2 assigned a value of 1 and O,
respectively). The total score and its constituent dimensions of the FOAC, FP, and aCGA scales (variable input method was
to input the original value) were used as independent variables for ROC curve analysis. The optimal cut-off values,
sensitivity, specificity, predictive values, and accuracy values of each screening scale are shown in Figures 2, 3 and Table 3.

AUC is the area under the ROC curve. The range of the AUC value from 0 to 1, and the closer the AUC is to 1, the
stronger is the discriminative ability.>® The results demonstrate that the FOAC and aCGA scales have high screening
values, while the FP scale has an extremely high screening value for frailty.

The various components of the FOAC scale such as the physical function dimension, psychological cognition
dimension, and social support dimension have specific predictive values for the frailty risk. The Delong test results
exhibited that the AUC difference between the FOAC and aCGA scale was 0.008, with no statistically significant
difference (Z = 0.215, P = 0.830). Table 4 details the comparison of the area under the ROC curve of the three scales.

Discussion

The aging of the global is intensifying, leading to an increased cancer risk.' The elderly are the main affected population,
and because of their limited physiological reserves, they are more vulnerable to social and functional harm. However,
management and care of tumors in this population pose significant challenges.®’ High-risk patients with frailty who
require close monitoring or follow-up can be identified using the frailty screening tools for elderly patients with cancer,
thereby making more effective use of existing medical resources.®’ However, the frailty in elderly patients with cancer

100 |-
80 |-
> 60
> -
= L
) ==
@ L
w
40|
20 H
- — aCGA
- — FP
L — FOAC
0_...l|..l|.|l.||I..,I
0 20 40 60 80 100

100-Specificity

Figure 2 Receiver operating characteristic (ROC) curve analysis of comprehensive frailty assessment tool for older adults with cancer (FOAC), frailty phenotype (FP), and
abbreviated comprehensive geriatric assessment (aCGA).
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Figure 3 Receiver operating characteristic (ROC) curve analysis of various dimensions of the comprehensive frailty assessment tool for older adults with cancer (FOAC) scale.
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has not received sufficient attention in China, with most studies citing relevant frailty screening tools from abroad, whose

reliability and validity fluctuate significantly in different studies, lacking local frailty assessment tools for such patients.®*

Therefore, a frailty assessment tool suitable for elderly patients with cancer in China must be developed, considering the

cultural background, medical conditions, health concepts, and social support methods.

Table 3 Analysis of the Predictive Value of Comprehensive Frailty Assessment Tool for Older Adults with Cancer (FOAC), Frailty

Phenotype (FP), and Abbreviated Comprehensive Geriatric Assessment (aCGA) Scales for Frailty Risk

Screening Tools AUC (95% CI) P value Cut-Off Sensitivity Specificity Youden Positive Negative Accuracy
(%) (%) Index Predictive Predictive Rate (%)
Value (%) Value (%)

FOAC 0.856 (0.798~0.914) <0.001 250 88.0 70.4 0.584 80.7 80.6 80.7
Physical functional 0.760 (0.686~0.834) <0.001 219 86.0 56.3 0.423 735 74.1

Psychological & cognitive 0.779 (0.710~0.849) <0.001 =18 71.0 70.4 0414 772 63.3

Social support 0.677 (0.596~0.759) <0.001 =13 50.0 77.5 0.275 75.8 524

FP 0.927 (0.887~0.966) <0.001 23 88.0 93.0 0.810 94.6 84.6 90.1
aCGA 0.848 (0.792~0.903) <0.001 25 68.0 90.1 0.581 90.7 66.7 772

Table 4 Comparison of the Area Under the Receiver Operating
Characteristic (ROC) Curve of the Comprehensive Frailty
Assessment Tool for Older Adults with Cancer (FOAC), Frailty
Phenotype (FP), and Abbreviated Comprehensive Geriatric
Assessment aCGA Scales

Diagnostic Indicators | Difference Between z P
Areas

FOAC ~ a CGA 0.008 0.215 | 0.830

FOAC~FP 0.071 2.008 | 0.045

A CGA ~FP 0.079 2.250 | 0.024
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The frailty evaluation of FOAC in a sample of older adults with cancer was developed and demonstrated. The frailty
assessment provided sound evidence for its validity and reliability in evaluating evaluating physical functional dimen-
sion, psychological and cognitive dimension and social support dimension in older adults with cancer. This study’s
findings exhibited acceptable content, face, criterion validities, and reliability.

The CVI of the total scale was 0.95, indicating that the items have been recognized by the experts and can effectively
express the central content of their respective dimensions. The scale has good content validity.*> FOAC was deemed
reasonable and acceptable because this study validated face validity through two different groups of participants, with
a total surface validity index greater than 0.8. Additionally, the results of this study demonstrated that the overall
Cronbach’s alpha coefficient of the scale was 0.869. This indicates a high internal consistency of this scale.

This study used CGA as the gold standard. Moreover, the AUC of FP, FOAC, and aCGA were 0.927, 0.856, and 0.848,
respectively, indicating a better diagnostic performance of FP than FOAC and aCGA. In contrast, there was no statistically
significant difference in diagnostic performance between FOAC and aCGA. By pairwise comparison of the AUC, the screening
performance of FP was superior to that of FOAC and aCGA, while the screening performance of FOAC and aCGA was the same.
Additionally, the optimal threshold values for each tool were determined using the screening tool’s ROC curve. The optimal
critical values for FP and aCGA were 3 and 5, respectively, consistent with critical values set by Fried et al'® and Lin Yan et al,®
respectively. The optimal critical value of FOAC was 50, indicating that when FOAC was used to identify frailty in elderly
patients with cancer, it could provide 88% sensitivity and 70.4% specificity.

Additionally, this study explores the optimal threshold values suitable for the elderly cancer patient population in
China from the three dimensions of FOAC. The measurement of physical function is clinically significant in discovering
and addressing potential functional limitations and nutritional status in older adults with cancer to further assess and
intervene. Psychological and cognitive dimensions include measuring the patient’s psychological status and cognition
level. The patient’s psychological and cognitive situation should be given attention and timely guidance and intervention
when the score is > 18. The aCGA, and other comprehensive assessment tools for the elderly, FOAC has added
a dimension of social support compared to FP. The social support dimension covers various forms of assistance and
resources that older adults with cancer can receive during the disease’s survival. When the social support score of older
adults with cancer is > 13, the patients have limited access to social assistance and resources.

The FOAC scale includes three dimensions (Physical functional dimension Psychological & cognitive dimension Social
support dimension) in clinical practice, which is in accordance with the concept of multidimensional health under modern
medical biology and health ecology.**** Compared with FP, which is currently the most widely used, although FP demonstrated
good screening accuracy in this study, it primarily focuses on the physiological dimension of frailty assessment. Secondly, it
requires professional medical staff and equipment during use, such as grip strength testers, and the cooperation of patients is
needed to complete pace tests, which increases patient risk and is not conducive to clinical promotion.** Lastly, the FOAC
adjusted the standard of the physical function dimension compared with the FP scale. Based on the significant differences in
dietary habits (such as types of meals and frequency of eating) between Chinese elderly and Western countries, FOAC modified
“weight loss” to “weight change” to objectively demonstrate the relationship between weight changes and symptoms of frailty.®>

Compared with the Chinese version of the comprehensive assessment tool aCGA, although the aCGA scale includes
dimensions such as physical function and psychological cognition, patients should have a certain level of education.”
Most elderly patients were born in the early days of the discovery of the People’s Republic of China, and their
educational level is generally low.®> Therefore, certain complex items are difficult to complete by them. Secondly,
different scale dimensions have different scoring methods, and it takes more than 10 min for medical staff to assess
patients and complete accurate scoring, increasing their workload in clinical applications.?® Furthermore, FOAC per-
forms similarly in screening frailty in older adults with cancer and also has good frailty screening ability.”> However,
FOAC has increased the measurement of social support levels in older adults with cancer as a multidimensional
screening tool. Social support refers to individual spiritual or material assistance and support provided by organizations
or individuals such as family, relatives, friends, and colleagues.®® Social support has been proven to be essential to
multidimensional health.®”-°® Additionally, the FOAC scale adopts the Likert four-point scoring method, unifying the
scoring methods between different dimensions, reducing medical staff workload, and making it more convenient for
clinical promotion and application.
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In summary, the FOAC is a reliable and effective screening and evaluation tool for distinguishing and diagnosing
elderly cancer patients with frailty symptoms. The medical staff can determine which patients require further evaluation
and can adjust their treatment plans accordingly. The optimal FOAC threshold for screening frailty in older adults with
cancer includes a satisfactory sensitivity-specificity balance. Thus, this study provides compelling evidence to support the
putative diagnosis of frailty symptoms in older adults with cancer using FOAC.

This is the first frailty assessment tool constructed based on elderly cancer patients in China. To the best of our
knowledge, this is the first study to use CGA as the gold standard and compare the FP and CGA scales to assess the
screening ability of FOAC frailty. This helped in filling the gap in China’s lack of local frailty assessment tools. Future
research can combine frailty assessment with clinical data to explore artificial intelligence prediction models based on
machine learning or deep learning. By establishing a frailty risk stratification system for older cancer patients, early
warning of individualized outcomes can be achieved to assist in the formulation of precise intervention plans in clinical
practice.

Limitations

The study has several limitations. Firstly, this study was only conducted at the First Affiliated Hospital of Bengbu Medical
College in Anhui Province. Although it included patients referred from multiple regions, it still cannot represent the overall
situation of elderly cancer patients in different regions and hospitals of various medical levels across the country. Future
research should expand the sample range and adopt a multi-centre survey design to enhance the external validity of the results.
Secondly, the health status of older adults with cancer may vary significantly over time and be influenced by factors such as
progression of disease and response to treatment. This cross-sectional study did not reflect the development trajectory of frailty
in older adults with cancer. Therefore, further studies are recommended to investigate the occurrence and development
trajectory of multidimensional frailty based on a large prospective cohort study to develop intervention strategies and provide
reliable references for reversing or delaying the frailty process in older adults with cancer. What’s more, this study has self-
report bias and cultural factor influence. Some items rely on self-perception (such as social support, psychological feelings,
etc)., which may be affected by cultural expression habits. The application in Western populations needs to be adjusted. Future
studies will combine objective indicators to further improve the objectivity and accuracy of the scale.

Conclusion

This study showed that FOAC is a 30-item multidimensional scale with good reliability and validity. It is a valid instrument that
assesses physiological, psychological, cognitive, and social support levels, and its high sensitivity (88%) and multi-dimensional
assessment provide an essential basis for the early identification and stratified management of older cancer patients.In clinical
practice, FOAC can be a practical and efficient frailty screening tool in outpatient and inpatient settings. It assists healthcare
providers in promptly identifying patients at high risk of frailty, optimizing individualized treatment plans, and proactively
implementing appropriate measures to mitigate frailty, promote functional recovery, improve survival rates, and enhance the
quality of life. Meanwhile, its scoring method is simple and straightforward, making it highly suitable for promotion and
application in medical environments with limited resources.
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