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Purpose

Frailty can impact the prognosis of cancer patients. We aimed to elucidate longitudinal frailty trajectories in cancer patients undergoing immunotherapy and to analyze the factors influencing these trajectories.





Methods

A prospective observational cohort study was conducted among cancer patients scheduled for immunotherapy from December 2022 to November 2023. Sociodemographic and disease-related information was collected. The Chinese version of the Tilburg Frailty Indicator, the Activities of Daily Living scale, the Hospital Anxiety and Depression Scale, the Nutritional Risk Screening 2002, and the Social Support Rating Scale were used to assess patients before the first immunotherapy session (T0) and 1 week after each subsequent immunotherapy session until the sixth cycle (T1–T6). A growth mixed model was applied to explore frailty trajectories. Univariate and multivariate logistic regression analyses were performed to identify variables associated with each trajectory.





Results

A total of 205 patients completed the treatment cycles and were included in the analysis. The overall frailty score demonstrated significant changes (p = 0.037), with an initial increase followed by a subsequent decrease during the six treatment cycles. Four distinct frailty trajectories were identified: the “persistently non-frail group” (Class 1), the “persistently frail group” (Class 2), the “frailty deterioration–remission group” (Class 3), and the “frailty remission–deterioration group” (Class 4). Compared with Class 1, patients in Class 2 were more likely to have nutritional risk (odds ratio [OR] = 4.173, 95% confidence interval [CI]: 1.637–12.664) and live in rural areas (OR = 6.869, 95% CI: 2.589–18.223), while the likelihood of being male was significantly lower (OR = 0.365, 95%, CI: 0.136–0.982). In Class 3, more patients had depression (OR = 6.663, 95% CI: 2.266–19.592), had low social support (OR = 9.483, 95% CI: 1.493–60.249), and were dependent on their spouses (OR = 5.728, 95% CI: 1.584–20.716) or their children for care (OR = 7.847, 95% CI: 1.994–30.885); however, being male and the presence of anxiety were associated with lower odds (OR = 0.316, 95% CI: 0.122–0.815; OR = 0.281, 95% CI: 0.100–0.789, respectively). Patients with distant tumor metastasis (OR = 12.712, 95% CI: 2.930–53.988), pre-treatment frailty (OR = 8.427, 95% CI: 1.973–36.003), and no history of chemotherapy (OR = 0.182, 95% CI: 0.033–0.994) were more likely to be in Class 4.





Conclusions

There was significant heterogeneity in the frailty trajectories of cancer patients undergoing immunotherapy. Identifying factors associated with different frailty trajectories is crucial for implementing targeted interventions to improve prognosis in these patients.
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Introduction

According to the International Agency for Research on Cancer (1, 2), the number of new cancer cases in China was approximately 4.57 million in 2020, accounting for 23.7% of all cases worldwide. The number of cancer-related deaths was approximately 3 million, representing 30% of global cancer deaths. With an aging population, the prevalence of cancer is expected to continue increasing. The prevention and treatment of cancer have therefore become major public health concerns.

In recent years, in addition to traditional surgery, chemotherapy, and radiotherapy, immunotherapy—represented by immune checkpoint inhibitors (ICIs)—has developed rapidly. Programmed death receptor 1 (PD-1), programmed death ligand 1 (PD-L1), and cytotoxic T-lymphocyte–associated protein 4 (CTLA-4) inhibitors, which activate T cells by blocking the interaction between immune checkpoint proteins and inhibitory antibodies, thereby killing cancer cells. These agents have been widely used in patients with lung, esophageal, colorectal, gallbladder, and head and neck cancers (3). Immunotherapy has brought substantial survival benefits to patients, with reported objective remission rates reaching up to 80% (4, 5). However, similar to other treatments, immunotherapy can also result in adverse outcomes. Frailty, as one of the serious health issues in patients undergoing immunotherapy, has recently drawn considerable attention (6).

In patients with cancer, accelerated aging of the immune system and excessive release of inflammatory cytokines can lead to reduced physiological reserve (7). In addition, these patients often have abnormal nutrient metabolism (8). All of these factors can contribute to frailty. Frailty is a state of reduced physiological reserve and increased vulnerability to stressors, with an elevated risk of adverse outcomes (9). It is characterized by decreased body mass, fatigue, reduced physical activity, and depressed mood (10). The risk of frailty in patients undergoing immunotherapy is high, with reported incidence rates ranging from 27.7% to 75% (11, 12). Studies have shown that frailty not only leads to a significant reduction in patients’ physical function and daily activities but also affects their quality of life (13). In addition, frailty also prolongs the hospitalization time, increases the medical costs, and may even lead to treatment interruption or fatal immune-related adverse events (irAEs), which seriously affect patient prognosis of patients (14–16).

However, most current studies on frailty in patients receiving immunotherapy are cross-sectional (8) and therefore unable to capture the dynamic progression of frailty in individuals who may experience profound biopsychosocial changes during treatment (17). Moreover, heterogeneity in frailty change trajectories among different individuals makes it difficult to draw definitive conclusions (18). Longitudinal studies incorporating a growth mixture model (GMM) can identify and classify frailty trajectories in different patients (19, 20), thereby facilitating the early identification of those at high risk for frailty and enabling the development of targeted interventions tailored to specific trajectory patterns.

Therefore, we conducted a longitudinal study to track and examine frailty trends in cancer patients undergoing immunotherapy. Our objectives were to elucidate potential categories of frailty trajectories and to analyze the factors influencing these trajectories, to provide recommendations for the early detection of frailty and the implementation of precise interventions in this patient population.





Methods




Study design and participant selection

We performed a prospective observational cohort study in patients scheduled for immunotherapy at the oncology and radiotherapy departments of a tertiary care hospital, the First Affiliated Hospital of Soochow University, in Suzhou, Jiangsu, China, between December 2022 and November 2023. The study protocol was approved by the Ethics Review Committee of Soochow University (approval No. SUDA20221228H12). The researcher explained the purpose and process of the study, as well as privacy protection measures, to eligible patients. Informed consent was obtained from every study participant.

The inclusion criteria were as follows: 1) patients aged 18 years or older; 2) a diagnosis of malignant tumors based on pathologic reports; 3) hospitalization for first-time immunotherapy; 4) normal cognitive function and communication skills; and. 5) patients scheduled for immunotherapy alone or in combination with chemotherapy, radiotherapy, or antiangiogenic therapy, as well as those scheduled for dual immune checkpoint therapy. Patients were excluded if they had 1) severe mental illness or 2) complications, including serious physical illnesses or organ dysfunction. In addition, the following patients were excluded from the final study analysis: 1) those who died, suffered serious complications, or became sicker and were unable to remain in the study; 2) those whose treatment changed or who were transferred to another hospital; or 3) those who did not complete the treatment cycle, withdrew, or were lost to follow-up during the study period.





Sample size calculation

According to the principle of sample size estimation for multifactor analysis, the sample size is usually at least 10–15 times the number of independent variables. In this study, the number of independent variables was 20. Therefore, we targeted a sample size of 20 variables × 10 = 200 cases. In addition, based on the Bayesian information criterion (BIC) as a fitness indicator, the sample size should be at least 200. Considering a 20% loss during the follow-up period, the final sample size was determined to be 240 cases.





Study protocol

Sociodemographic information (sex, age, marital status, education level, place of residence, and primary caregiver) and disease-related information (tumor site, disease duration, distant metastasis status, treatment plan, and type of medication) were recorded.

Immunotherapy was administered every 3 weeks (21 days) and continued until disease progression or the development of severely intolerable immune-related adverse events, with a maximum duration of up to 2 years. In this study, the time points for baseline investigation and follow-up were established based on the characteristics of immunotherapy. These time points were before the first use of immune checkpoint inhibitors (T0) and 1 week after each immunotherapy session until the sixth cycle (T1–T6). Immunotherapy patients are usually discharged within 3 days; therefore, face-to-face interviews were conducted at T0, and telephone interviews were performed at T1–T6. At each time point from T0 to T6, we collected the following information.





Tilburg frailty indicator

The TFI was proposed by Gobbens et al. in 2010 (17). The scale covers three dimensions—physical, psychological, and social frailty—with a total of 15 items and a score ranging from 0 to 15. A score of 5 or more indicates frailty, with higher scores reflecting greater severity. The TFI was translated into Chinese by Xi et al. (21), with a Cronbach’s α of 0.686. In this study, the Cronbach’s α was 0.638.





Nutritional risk screening 2002

The NRS 2002 is used to assess nutritional risk and has been validated as a nutritional screening tool in oncology patients (22). It evaluates nutritional status, including body mass index (BMI), recent weight change, and dietary intake, as well as disease severity and age. The total score ranges from 0 to 7, with a score of 3 or more indicating nutritional risk.





Social support rating scale

The SSRS was developed by Xiao et al. in 1994 to assess the level of social support (23). It consists of 10 items in three dimensions: objective support (3 items), subjective support (4 items), and utilization of social support (3 items). Higher total scores indicate greater social support. Scores of ≤22, 23–44, and ≥45 correspond to low, medium, and high levels of social support, respectively. In this study, the Cronbach’s α was 0.834.





Hospital anxiety and depression scale

The HADS was developed by Zigmond et al. to assess psychological distress in individuals (24). The scale consists of two subscales, anxiety (HADS-A) and depression (HADS-D), with each subscale containing seven items. Each item is scored from 0 to 3, and each subscale score ranges from 0 to 21. A HADS-A score of ≥8 or a HADS-D score of ≥8 indicates significant symptoms. In this study, the Cronbach’s α was 0.942.





Activity of daily living scale

The ADL scale was developed by Lawton and Brody in 1969 and consists of two parts: physical self-care and instrumental activities of daily living, with a total of 14 items (25). The total score ranges from 14 to 56. Scores of 14, 15–21, and ≥22 are considered normal, mild to moderate impairment, and severe impairment, respectively. In this study, the Cronbach’s α was 0.926.





Statistical analysis

Data analysis was conducted using SPSS 26.0 (IBM, USA) and Mplus 8.3 (Muthén & Muthén, USA). Continuous variables were presented as mean ± standard deviation or median with interquartile range (IQR) and compared using the Student’s t-test or Mann–Whitney U-test, depending on the results of the normality test results. Categorical variables were presented as numbers and percentages and compared using the chi-square test or Fisher’s exact test. Differences between patients who completed the study and those lost to follow-up were analyzed. Repeated-measures analysis of variance (ANOVA) was used to investigate longitudinal changes from T0 to T6.

The growth mixture model (GMM), which can identify subgroups within heterogeneous populations, was used to explore frailty trajectories. The model fit indices for frailty trajectories included the Akaike information criterion (AIC), Bayesian information criterion (BIC), sample size–adjusted BIC (aBIC), entropy, Lo–Mendell–Rubin likelihood ratio test (LRT), and bootstrap-based likelihood ratio test (BLRT). The best model was determined by combining practical significance with fit indices. Factors influencing the frailty trajectory were first analyzed using univariate analysis. Variables with p ≤ 0.2 in the univariate analysis were subsequently included in a multivariate logistic regression analysis. A p < 0.05 was considered statistically significant.






Results




Patient characteristics

A total of 241 patients were enrolled at T0, with 36 patients dropping out during the study period due to serious illness, death, or changes in the treatment regimen. Ultimately, 205 patients completed the survey at all time points (response rate: 85.1%). Their baseline characteristics are shown in Table 1. The patients’ ages ranged from 34 to 85 years. The majority were male (67.8%) and married (91.2%), with 39.5% having an education level of primary school or lower, 55.6% having a body mass index (BMI) between 18.5 and 23.9 kg/m², 62.4% living in urban areas, and 43.9% depending on their spouses for care. In addition, 118 patients (57.5%) had gastrointestinal tract cancer, and most (75.6%) had no distant cancer metastasis. A majority (58.1%) had a disease duration <6 months, and 60.0% and 29.8% had undergone surgery and chemotherapy, respectively, prior to immunotherapy. Immunotherapy was most commonly combined with chemotherapy (74.6%), and 93.7% of patients used PD-1 inhibitors. Overall, 23.4% were at risk of malnutrition, 44.4% experienced anxiety, 63.9% exhibited symptoms of depression, 45.4% had severe functional impairments, and 15.6% reported low levels of social support.


Table 1 | Patient baseline characteristics (n=205).
	Characteristics
	Number (n)
	Percentage (%)



	Sex


	 Female
	66
	32.2


	 Male
	139
	67.8


	Age, year


	 <65
	88
	42.9


	 65-75
	97
	47.3


	 ≥75
	20
	9.8


	Educational background


	 Primary and lower
	81
	39.5


	 Junior
	65
	31.7


		 High school / technical secondary school




	37
	18.1


	 College or above
	22
	10.7


	Marital status


	 Married
	187
	91.2


	 Single
	18
	8.8


	Body mass index, kg/m2


	 <18.5
	29
	14.2


	 18.5-23.9
	114
	55.6


	 ≥24
	62
	30.2


	Residence


	 Village
	77
	37.6


	 City
	128
	62.4


	Caregiver


	 Spouse
	90
	43.9


	 Children
	70
	34.1


	 Self
	45
	22.0


	Tumor site


	 Gastrointestinal tract
	118
	57.5


	 Lung
	48
	23.4


	 Urogenital system
	9
	4.4


	 Head and neck
	20
	9.8


	 Others
	10
	4.9


	Duration of disease, months


	 <6
	119
	58.1


	 6-12
	23
	11.2


	 12-24
	23
	11.2


	 ≥24
	40
	19.5


	Comorbidity


	 0
	96
	46.8


	 1
	77
	37.6


	 2
	32
	15.6


	Distant metastasis
	50
	24.4


	Surgery
	123
	60.0


	History of chemotherapy
	61
	29.8


	Treatment regimen


	 ICIs
	9
	4.4


	 ICIs+antiangiogenic
	16
	7.8


	 ICIs+chemotherapy
	153
	74.6


	 ICIs+chemotherapy+antiangiogenic
	15
	7.3


	 ICIs+chemotherapy+radiotherapy
	12
	5.9


	ICIs


	 PD-1
	192
	93.7


	 PD-L1
	13
	6.3


	NRS2002


	 Yes
	48
	23.4


	 No
	157
	76.6


	HADS-A


	 Yes
	91
	44.4


	 No
	114
	55.6


	HADS-D


	 Yes
	131
	63.9


	 No
	74
	36.1


	ADL


	 Normal
	56
	27.3


	 Mild to moderate dysfunction
	56
	27.3


	 Severe dysfunction
	93
	45.4


	SSRS


	 Low
	32
	15.6


	 Medium
	150
	73.2


	 High
	23
	11.2





ADL, activity of daily living; ICIs, immune checkpoint inhibitors; HADS-A, hospital anxiety and depression-anxiety; HADS-D, hospital anxiety and depression-depression; NRS 2002, nutritional risk screening 2002; PD-1, programmed death receptor 1; PD-L1, programmed death ligand 1; SSRS, social support rating scale; TFI, Tilburg frailty indicator.







Prevalence of frailty and trajectories of frailty

During immunotherapy, the incidence of frailty in cancer patients from pre-treatment to the sixth treatment cycle (T0–T6) was 53.2%, 63.4%, 67.3%, 63.9%, 63.9%, 61.0%, and 54.1%, respectively (Table 2). Repeated-measures ANOVA results showed that frailty scores differed significantly across the seven time points (p = 0.037). Frailty scores showed an increasing trend from T0 to T3, followed by a decreasing trend to T6, with scores at T6 still higher than those at T0.


Table 2 | Changes in the incidence and scores of frailty during immunotherapy.
	Timepoint
	Frailty, n (%)
	Tilburg frailty indicator


	Total score
	Physical
	Mental
	Social



	T0
	109(53.2)
	4.71±2.11
	2.44±1.44
	1.72±1.00
	0.54±0.72


	T1
	130(63.4)
	5.38±2.16
	2.98±1.44
	1.83±1.01
	0.57±0.80


	T2
	138(67.3)
	5.63±2.31
	3.17±1.53
	1.88±0.98
	0.58±0.79


	T3
	131(63.9)
	5.73±2.56
	3.31±1.61
	1.82±1.08
	0.60±0.78


	T4
	131(63.9)
	5.61±2.47
	3.20±1.55
	1.77±1.05
	0.64±0.83


	T5
	125(61.0)
	5.49±2.67
	3.18±1.71
	1.64±1.07
	0.66±0.83


	T6
	111(54.1)
	5.36±3.26
	3.18±1.98
	1.49±1.18
	0.69±0.85


	F
	 
	11.522
	17.129
	4.924
	2.828


	P
	 
	0.037
	<0.001
	<0.001
	0.010





The total and each dimension scores are presented as mean ± standard deviation.



Based on the AIC, BIC, and aBIC values, four frailty trajectories were identified in patients receiving cancer immunotherapy (Table 3; Figure 1). They were named according to their slopes and intercepts:

	Category 1 (C1): 76 patients (37.1%). The baseline frailty score was 4.270 (standard error [SE] 0.313; P < 0.001) with a slope of -0.129 (SE 0.072; P = 0.071), indicating that patients in C1 were not frail at baseline and showed a slight downward trend. Thus, C1 was named the “persistently non-frail group”.

	Category 2 (C2): 54 patients (26.3%). Patients in C2 were initially frail (intercept: 5.565, SE 0.276; p < 0.001), and their frailty level continued to rise over the subsequent six time points (slope: 0.550, SE 0.073; P< 0.001). Therefore, C2 was named the “persistently frail group.”

	Category 3 (C3): 57 patients (27.8%). C3 was named the “frailty deterioration–remission group.” Patients in this group were non-frail at baseline but showed an upward trend (intercept: 4.804, SE 0.337; P < 0.001; slope: 1.664, SE 0.137; P < 0.001). They became extremely frail by the third cycle, after which the frailty score declined and was alleviated to a non-frail state by the sixth cycle.

	Category 4 (C4): 18 patients (8.8%). C4, named the “frailty remission– deterioration group,” included patients who were highly frail at baseline but experienced rapid remission (intercept: 6.539, SE 0.648; P < 0.001; slope: −1.657, SE 0.226; P < 0.001). However, their frailty deteriorated after the third cycle, and by the sixth cycle, the frailty severity was worse than that at baseline.




Table 3 | Latent class analysis on the trajectory of frailty during immunotherapy.
	Class
	AIC
	BIC
	aBIC
	Entropy
	P
	Class probability


	LMR
	BLRT



	1
	4444.719
	4497.887
	4447.193
	–
	–
	–
	1


	2
	4379.089
	4445.549
	4382.183
	0.901
	0.001
	0.001
	0.3605/0.6395


	3
	4376.990
	4456.742
	4380.702
	0.837
	0.552
	0.150
	0.3112/0.1659/0.5229


	4
	4340.559
	4433.604
	4344.890
	0.906
	0.018
	0.001
	0.3707/0.2634/0.2781/0.0878


	5
	4358.559
	4454.896
	4353.509
	0.919
	0.500
	0.429
	0.2769/0.0844/0.000/0.2783/0.3603





AIC, Akaike information criteria; BIC, Bayesian information criterion; aBIC, sample-size adjusted BIC; LMR, lo-mendell-rubin; BLRT, bootstrapped-likelihood ratio test.



[image: Line graph showing frailty scores over seven time points (T0 to T6) for four classes. Class 1 decreases slightly, Class 2 increases steadily, Class 3 rises then falls, and Class 4 increases sharply. Legend indicates Class 1 (red), Class 2 (blue), Class 3 (green), and Class 4 (pink) with corresponding percentages.]
Figure 1 | Four models of frailty trajectories in cancer patients under immunotherapy.





Univariate and multivariate analysis of the influencing factors of frailty trajectories

We further identified the influencing factors of frailty trajectories through logistic regression analysis (Tables 4 and 5). Compared with C1, patients in C2 (persistently frail group) were more likely to be at nutritional risk (odds ratio [OR] = 4.173; p = 0.004) and reside in rural areas (OR = 6.896; p < 0.001). In addition, the likelihood of being male in this group was significantly lower than that of being female (OR = 0.365; p = 0.046).


Table 4 | Univariate analysis of variables associated with the different classes of frailty trajectories.
	Variables
	Class 1 (n=76)
	Class 2 (n=54)
	Class 3 (n=57)
	Class 4 (n=18)
	χ2
	P



	Sex
	 
	 
	 
	 
	7.210
	0.066


	 Female
	16 (21.1)
	22 (40.7)
	22 (38.6)
	6 (33.3)
	 
	 


	 Male
	60 (78.9)
	32 (59.3)
	35 (61.4)
	12 (66.7)
	 
	 


	Age, years
	 
	 
	 
	 
	4.956
	0.549


	 <65
	34 (44.7)
	25 (46.3)
	23 (40.4)
	6 (33.3)
	 
	 


	 65-75
	38 (50.0)
	21 (38.9)
	28 (49.1)
	10 (55.6)
	 
	 


	 ≥75
	4 (5.3)
	8 (14.8)
	6 (10.5)
	2 (11.1)
	 
	 


	Educational background
	 
	 
	 
	 
	19.785
	0.019


	 Primary and lower
	20 (26.3)
	29 (53.7)
	26 (45.6)
	6 (33.3)
	 
	 


	 Junior
	33 (43.4)
	12 (22.2)
	15 (26.3)
	5 (27.8)
	 
	 


		 High school / technical secondary school




	16 (21.1)
	10 (18.5)
	9 (15.8)
	2 (11.1)
	 
	 


	 College or above
	7 (9.2)
	3 (5.6)
	7 (12.3)
	5 (27.8)
	 
	 


	Marital status
	 
	 
	 
	 
	1.056
	0.825


	 Married
	70 (92.1)
	48 (88.9)
	53 (93.0)
	16 (88.9)
	 
	 


	 Single
	6 (7.9)
	6 (11.1)
	4 (7.0)
	2 (11.1)
	 
	 


	Body mass index, kg/m2
	 
	 
	 
	 
	3.816
	0.702


	 <18.5
	11 (14.5)
	5 (9.3)
	9 (15.8)
	4 (22.2)
	 
	 


	 18.5~23.9
	39 (51.3)
	35 (64.8)
	31 (54.4)
	9 (50.0)
	 
	 


	 ≥24
	26 (34.2)
	14 (25.9)
	17 (29.8)
	5 (27.8)
	 
	 


	Residence
	 
	 
	 
	 
	15.204
	0.002


	 Village
	21 (27.6)
	32 (59.3)
	19 (33.3)
	5 (27.8)
	 
	 


	 City
	55 (72.4)
	22 (40.7)
	38 (66.7)
	13 (72.2)
	 
	 


	Caregiver
	 
	 
	 
	 
	15.807
	0.015


	 Spouse
	34 (44.7)
	20 (37.0)
	26 (45.6)
	10 (55.6)
	 
	 


	 Children
	19 (25.0)
	25 (46.3)
	24 (42.1)
	2 (11.1)
	 
	 


	 Self
	23 (30.3)
	9 (16.7)
	7 (12.3)
	6 (33.3)
	 
	 


	Tumor location
	 
	 
	 
	 
	11.309
	0.457


	 Gastrointestinal tract
	43 (56.6)
	35 (64.8)
	29 (50.9)
	11 (61.1)
	 
	 


	 Lung
	21 (27.6)
	10 (18.5)
	15 (26.3)
	2 (11.1)
	 
	 


	 Urogenital system
	2 (2.6)
	2 (3.7)
	2 (3.5)
	3 (16.7)
	 
	 


	 Head and neck
	8 (10.5)
	5 (9.3)
	6 (10.5)
	1 (5.6)
	 
	 


	 Others
	2 (2.6)
	2 (3.7)
	5 (8.8)
	1 (5.6)
	 
	 


	Duration of disease, months
	 
	 
	 
	 
	7.372
	0.598


	 <6
	41 (53.9)
	34 (63.0)
	37 (64.9)
	7 (38.9)
	 
	 


	 6-12
	8 (10.5)
	4 (7.4)
	8 (14.0)
	3 (16.7)
	 
	 


	 12-24
	10 (13.2)
	5 (9.3)
	5 (8.8)
	3 (16.7)
	 
	 


	 ≥24
	17 (22.4)
	11 (20.4)
	7 (12.3)
	5 (27.8)
	 
	 


	Treatment regimen
	 
	 
	 
	 
	8.206
	0.753


	 ICIs
	4 (5.3)
	2 (3.7)
	2 (3.5)
	1 (5.6)
	 
	 


	 ICIs+antiangiogenic
	5 (6.6)
	4 (7.4)
	4 (7.0)
	3 (16.7)
	 
	 


	 ICIs+chemotherapy
	55 (72.4)
	43 (79.6)
	44 (77.2)
	11 (61.1)
	 
	 


	 ICIs+chemotherapy+antiangiogenic
	7 (9.2)
	4 (7.4)
	2 (3.5)
	2 (11.1)
	 
	 


	 ICIs+chemotherapy+radiotherapy
	5 (6.6)
	1 (1.9)
	5 (8.8)
	1 (5.6)
	 
	 


	ICIs
	 
	 
	 
	 
	5.723
	0.096


	 PD-1
	74 (97.4)
	49 (90.7)
	54 (94.7)
	15 (83.3)
	 
	 


	 PD-L1
	2 (2.6)
	5 (9.3)
	3 (5.3)
	3 (16.7)
	 
	 


	Distant metastasis
	13 (17.1)
	19 (35.2)
	8 (14.0)
	10 (55.6)
	18.394
	<0.001


	Surgery
	40 (52.6)
	36 (66.7)
	37 (64.9)
	10 (55.6)
	3.441
	0.329


	History of chemotherapy
	23 (30.3)
	22 (40.7)
	13 (22.8)
	3 (16.7)
	5.919
	0.116


	Comorbidity
	 
	 
	 
	 
	6.810
	0.339


	 0
	33 (43.4)
	25 (46.3)
	30 (52.6)
	8 (44.4)
	 
	 


	 1
	25 (32.9)
	22 (40.7)
	22 (38.6)
	8 (44.4)
	 
	 


	 ≥2
	18 (23.7)
	7 (13.0)
	5 (8.8)
	2 (11.1)
	 
	 


	Pre-immunotherapy frailty
	31 (40.8)
	34 (63.0)
	30 (52.6)
	14 (53.2)
	11.142
	0.011


	NRS2002
	 
	 
	 
	 
	12.614
	0.006


	 Yes
	12 (15.8)
	22 (40.7)
	10 (17.5)
	4 (22.2)
	 
	 


	 No
	64 (84.2)
	32 (59.3)
	47 (82.5)
	14 (77.8)
	 
	 


	HADS-A
	 
	 
	 
	 
	12.913
	0.005


	 Yes
	26 (34.2)
	35 (64.8)
	23 (40.4)
	7 (38.9)
	 
	 


	 No
	50 (65.8)
	19 (35.2)
	34 (59.6)
	11 (61.1)
	 
	 


	HADS-D
	 
	 
	 
	 
	19.981
	<0.001


	 Yes
	37 (48.7)
	40 (74.1)
	46 (80.7)
	8 (44.4)
	 
	 


	 No
	39 (51.3)
	14 (25.9)
	11 (19.3)
	10 (55.6)
	 
	 


	SSRS
	 
	 
	 
	 
	16.271
	0.012


	 Low
	4 (5.3)
	10 (18.5)
	16 (28.1)
	2 (11.1)
	 
	 


	 Medium
	63 (82.9)
	40 (74.1)
	35 (61.4)
	12 (66.7)
	 
	 


	 High
	9 (11.8)
	4 (7.4)
	6 (10.5)
	4 (22.2)
	 
	 


	ADL
	 
	 
	 
	 
	10.376
	0.110


	 Normal
	27 (35.5)
	12 (22.2)
	13 (22.8)
	4 (22.2)
	 
	 


	 Mild to moderate dysfunction
	23 (30.3)
	10 (18.5)
	16 (28.1)
	7 (38.9)
	 
	 


	 Severe dysfunction
	26 (34.2)
	32 (59.3)
	28 (49.1)
	7 (38.9)
	 
	 





ADL, Activity of daily living; ICIs, immune checkpoint inhibitors; HADS-A, hospital anxiety and depression-anxiety; HADS-D, hospital anxiety and depression-depression; NRS 2002, nutritional risk screening 2002; PD-1, programmed death receptor 1; PD-L1, programmed death ligand 1; SSRS, social support rating scale.




Table 5 | Multivariate logistic regression analysis of variables associated with the frailty trajectories.
	Class
	B
	Standard error
	Wald
	P
	Odd ratio
	95% confidence interval



	C2


	 Male
	-1.007
	0.504
	3.983
	0.046
	0.365
	0.136~0.982


	 Nutritional risk
	1.516
	0.522
	8.436
	0.004
	4.173
	1.637~12.664


	 Village
	1.927
	0.498
	14.987
	<0.001
	6.869
	2.589~18.223


	C3


	 Male
	-1.153
	0.484
	5.681
	0.017
	0.316
	0.122~0.815


	 Anxiety
	-1.268
	0.526
	5.814
	0.016
	0.281
	0.100~0.789


	 Depression
	1.897
	0.550
	11.876
	0.001
	6.663
	2.266~19.592


	 Social support
	2.250
	0.943
	5.686
	0.017
	9.483
	1.493~60.249


	 Spouse care
	1.745
	0.656
	7.081
	0.008
	5.728
	1.584~20.716


	 Children care
	2.060
	0.699
	8.685
	0.003
	7.847
	1.994~30.885


	C4


	 Distant metastasis
	2.543
	0.738
	11.874
	0.001
	12.712
	2.93~53.988


	 Chemotherapy
	-1.702
	0.865
	3.870
	0.049
	0.182
	0.033~0.994


	 Pre-immunotherapy frailty
	2.131
	0.741
	8.276
	0.004
	8.427
	1.973~36.003







For C3 (frailty deterioration–remission group), the influencing factors included presence of depression (OR = 6.663; p < 0.001), lower levels of social support (OR = 9.483; p = 0.017), and requiring care from their spouses or children (OR = 5.728; p = 0.008; OR = 7.847; p = 0.003, respectively). However, being male and presence of anxiety were associated with lower odds (OR = 0.316; p = 0.017; OR = 0.281; p = 0.016, respectively).Patients with distant tumor metastasis (OR = 12.712; p = 0.001), pre-treatment frailty (OR = 8.427; p = 0.004), and no history of chemotherapy (OR = 0.182; p = 0.049) were more likely to be in C4 (frailty remission–deterioration group).






Discussion

We investigated the frailty status and trajectories of cancer patients undergoing immunotherapy and found a relatively high incidence of frailty during treatment. The pre-treatment frailty prevalence was 53.2%, peaking at 67.3% during therapy. Compared with other therapeutic modalities, the frailty incidence observed in this study was slightly higher. Bruijnen et al. found that the incidence of frailty among 98 melanoma patients treated with PD-1 inhibitors was 29% (15). By contrast, Gomes et al. reported a frailty incidence of around 50% among elderly cancer patients undergoing immunotherapy (14). The reason for this discrepancy might be due to differences in study populations and assessment scales. Our study included patients with multiple tumor types and primarily utilized the TFI for frailty assessment. The TFI is designed to measure three dimensions—physical, psychological, and social frailty—and has strong potential to identify frail patients. During immunotherapy, cancer patients often experience reduced comfort levels and nutritional disturbances (26), attributable not only to tumor-related cachexia but also to immune-related adverse events. In addition, these patients frequently face negative emotional states such as anxiety and diminished social engagement (27, 28), leading to multidimensional impacts on physical, psychological, and social status. Therefore, immunotherapy patients exhibit greater heterogeneity in frailty trajectories. A longitudinal study on breast cancer patients has reported three trajectories of frailty: “remained robust,” “started and remained pre-frail,” and “initially had nearly frail scores and became more frail” (29). Miao et al. followed 381 gastric cancer patients (aged ≥60 years) undergoing radical gastrectomy and identified three trajectory patterns: “frailty remission,” “persistently frail,” and “frailty progression” (18). Although these studies have identified three types of frailty trajectories, most of them only reported only two trends—progression or remission. In contrast, we have identified more pronounced fluctuations in frailty trajectories, which might be due to interindividual variability in immune responses, adaptive capacity, and recovery potential. Miao et al. also found that the “persistently frail” and “frailty progression” trajectories were significantly associated with worse outcomes (18). However, the relationship between frailty trajectories and clinical outcomes in immunotherapy patients remains to be further investigated. Future studies should validate this association to facilitate timely frailty management in this patient population.

Sex, residence, anxiety and depression, prior chemotherapy history, nutritional risk, social support, distant tumor metastasis, and baseline frailty status were key contributors to heterogeneity in frailty trajectories among cancer patients undergoing immunotherapy, consistent with existing research. Studies have indicated that females aged 45–79 years have a higher risk of frailty (30), potentially due to aging, abdominal obesity, and decreased estrogen levels, which predispose them to greater comorbidity burdens and sarcopenia. Xin et al. reported that rural residents were more vulnerable to frailty among Chinese older adults (31). This disparity may stem from limited healthcare resources, insufficient health literacy, and heightened physical and psychological stress associated with long-distance medical access.

Patients reliant on familial care exhibited exacerbated frailty severity, perpetuating a vicious cycle of declining functional autonomy. Metastatic disease worsens frailty due to progressive deterioration of physical function, often surpassing baseline frailty levels (32). Contrary to previous studies identifying chemotherapy history as a risk factor for symptom burden in immunotherapy patients (33), our findings suggested a protective trend. This discrepancy may arise from adaptive tolerance developed during prior chemotherapy-induced symptom burden, enabling better resilience to immunotherapy-related stressors. Further investigations are warranted to clarify the temporal relationship between chemotherapy exposure and frailty progression in the context of immunotherapy.

Notably, anxiety emerged as a protective factor in our cohort, whereas depression increased frailty risk. Potential mechanisms could include anxiety-driven proactive healthcare-seeking behaviors and improved self-management, which may mitigate prolonged psychological inertia. In parallel, robust economic and emotional support from social networks may significantly alleviate negative emotional states (34). Patients with nutritional risk demonstrated progressive frailty escalation due to impaired nutrient absorption and accelerated muscle catabolism. Pre-existing frailty at treatment initiation predicted poorer stress resilience, highlighting the need for targeted preventive strategies that address baseline frailty.

This study aimed to investigate the developmental trends and trajectories of frailty in cancer patients undergoing immunotherapy. Its strengths include a longitudinal study design, the use of a multidimensional frailty assessment scale encompassing physiological, psychological, and social domains, and follow-up monitoring over six treatment cycles. Additionally, heterogeneous frailty trajectories were identified through mixed-effects modeling.

However, this study had several limitations. First, due to serious illness, death, or changes in treatment, we excluded 36 patients who did not complete all six cycles of treatment cycles. This might have excluded the weakest patients. Furthermore, the observation period was confined to six immunotherapy cycles, whereas immunotherapy can be a long-term therapeutic process. Future research should prioritize extended longitudinal studies to elucidate the dynamic evolution of frailty and its relationship with clinical outcomes in immunotherapy patients. Multicenter investigations are also required to improve the generalizability of the study results.





Conclusion

Patients undergoing immune checkpoint inhibitor therapy exhibited a progressively increasing trend in frailty. Four distinct frailty developmental trajectories were identified: “persistent non-frailty,” “persistent frailty,” “frailty exacerbation–remission,” and “frailty remission–exacerbation.” These trajectories demonstrated considerable heterogeneity in both frailty status and its progression, with different contributing factors across groups. Future interventions should be tailored to the specific characteristics of each frailty trajectory to optimize patient outcomes and quality of life.
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