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Fear of disease progression (FoP) is a multidimensional concept that refers to the fear or worry about
disease progress. Little is known about the distinct FoP profiles and their determinants in culturally
specific contexts, especially among hematologic malignancies (HM) patients in China. This study aimed
to identify heterogeneous profiles of FoP and their associated predictors among Chinese patients with
HM. A convenience sample of patients suffering from HM were enrolled from March 2023 to February
2024. To gather multidimensional data from the Fear of Progression Questionnaire-Short Form
(FoP-Q-SF), the Brief lliness Perception Questionnaire (BIPQ), the Hospital Anxiety and Depression
Scale (HADS), the Family Hardiness Index (FHI), and the EuroQol-Visual Analogue Scale (EQ-VAS),

we performed a questionnaire-based cross-sectional study on 455 survivors with HM. The statistical
method included latent profile analysis (LPA) and multivariate logistic regression. Three latent profiles
of FoP were found: the low-risk fear group (20.88%), the moderate-risk fear group (54.73%), and the
high-risk fear group (24.49%). Patients with higher levels of illness perception, anxiety, and depression
were more likely to report higher levels of FoP. The study revealed that female gender (OR 2.295-
2.577), age >65 years (OR 4.140-9.363), lower education (OR 0.270-0.365), and lymphoma diagnosis
(OR 2.95) significantly predicted higher FoP risk (all P < 0.05), while higher income (OR 0.390-0.477,

P < 0.05) and greater family resilience showed protective effects. The findings underscore the need

for risk-stratified interventions targeting psychosocial vulnerabilities, particularly in elderly and
female adults with HM. This study provides empirical evidence supporting the application of precision
psycho-oncology approaches in HM survivorship management. It also contributes to the broader
comprehension of FoP and highlights the importance of family-centered interventions .

Keywords Hematologic malignancy, Fear of disease progression, Latent profile analysis, Cancer nursing,
Family model

Hematologic malignancies (HM) are primary cancers originating from cells of the bone marrow and
lymphatic system. They consist of four main categories: leukemia, lymphoma, multiple myeloma (MM), and
myelodysplastic syndrome (MDS)!. These malignant blood disorders comprised nearly 4% of new cancer
diagnoses in China in 20222, Moreover, the number of blood-related cancer cases would increase about 48% in
Asia by 2027 as compared to 20223, Although overall survival rates of patients with HM have steadily improved
due to advancements in chemotherapy and bone marrow transplantation?, the follow-up examinations, invasive
therapies, and symptom burden can contribute to lower psychosocial health and health state utility values®.
Given that these life-threatening cancers are associated with high mortality, patients often face long, aggressive
treatments that require lengthy hospital stays. As a result of theses prolonged and intensive treatments, patients
frequently experience a myriad of physical challenges and psychological distress®.

A significant concern among patients with HM is the fear of diseases progression (FoP)?, which is defined as
the fear of cancer recurrence or progression. Key features of FoP include high levels of preoccupation, intrusive
thoughts and catastrophic thinking, all of which can lead to mental distress”®. FoP not only negatively affects
patients’ emotional well-being but can also lead to poor interpersonal relationship and dysfunctional families.
These effects are characterized by unpredictable and intermittent periods of remission and relapse’. Thus, FoP is
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recognized as a significant psychological burden that begins during the disease course and continues through the
patient’s life!®. To a certain extent, FoP is a common psychological reaction that is clinically relevant; nonetheless,
it can lead to excessive distress and substantial functional impairments!!. The prevalence of FoP in HM survivors
has been estimated to range between 4.2% and 69%!%-!4. Clinically, the FoP has been shown to be negatively
correlated with resilience and sleep quality scores in patients with HM (r = — 0.560, — 0.537, P<0.01)">.

Meanwhile, many research investigations in the field of psycho-oncology have focused on the relationship
between patients and their family members!®!”. To date, the most comprehensive family-based model to analyze
factors influencing FoP in patients and their families was proposed by Mellon and colleagues'®. In this model,
personal factors, concurrent family stressors, and appraisals of the meaning of illness were found to be associated
with an individual’s degree of FoP.

Family-related factors (e.g., patient-reported quality of life, living situation, family history of cancer, family’s
perception of the illness, and family characteristics), partner-related factors (e.g., disclosure to partner, cognition
of partner, and partner’s sources of support), and parenthood-related factors (e.g., having children and parenting
stress) have been widely investigated in various cancer types to determine their influence on the level of FoP
during different stages of the cancer trajectory®. These studies have identified both negative associations (e.g.,
family hardiness, social support, and financial factor)!* and positive associations (e.g., disease course?’, social
constrains'’, mediator of perceived stress, and living situation®! with FoP in cancer survivors. These factors, in
turn, impact self-management and psychological health!®. However, most of them cannot be generalized to all
cancer survivors.

Variable-centered statistical analysis may fail to reflect heterogeneity and overlook individual differences®*.
Notably, none of these studies have tested the family-based model with the varied profiles of FoP in HM
survivors. Such research could shed light on how significant others of HM patients can affect and be affected
by disease-related concerns. To further explore the trajectory of FoP in patients with HM, the present study
adopted latent profile analysis (LPA) to examine FoP status based on a family model among HM patients. LPA
is a person-centered approach used to identify individuals according to similar features and classify similar
individuals into latent discrete groups®. The LPA results should reveal homogeneity within the same latent
group and heterogeneity between different groups. Additionally, a study by Yang et al?* also claimed that
LPA is an appropriate approach for exploring patterns of FoP among breast cancer patients. By integrating
Mellon’s framework with LPA, we aimed to: (1) identify distinct FoP profiles incorporating individual, physical,
psychological, and family-related dimensions; and (2) establish profile-specific predictors for FoP profiles.

Therefore, the current cross-sectional analysis of 455 HM patients further examined how sociodemographic
characteristics, physical and psychological adaptability (illness perception, anxiety and depression), psychosocial
health outcomes (quality of life), and family-related factors (family resilience) affect FoP trajectories. This
multidimensional focus on individual psychosocial factors and family ecology enhances precision psycho-
oncology in the nursing care of patients with HM.

Methods

Study design, setting, and participants

This study adopted a descriptive and individual-centred cross-sectional survey design. All methods were
performed in accordance with the STROBE guidelines and regulations. Given the clinical accessibility needs
of the target population, the questionnaire survey for HM patients was conducted during rest periods of
hospitalization to maximize patient compliance. To enhance the representativeness of the sample, patients were
continuously enrolled over an 11-month period using a convenience sampling method.

From March 2023 to February 2024, patients who were hospitalized in the Institute of Hematology &
Blood Diseases Hospital, Chinese Academy of Medical Sciences & Peking Union Medical College (IHCAMS)
were selected as the survey subjects. Inclusion criteria for participants were as follows: (1) aged 18 years or
older; (2) diagnosed with hematologic malignancies (including leukemia, lymphoma, multiple myeloma, and
myelodysplastic syndromes); (3) informed of their hematologic diagnosis; and (4) proficient in speaking and
reading Chinese. Exclusion criteria were as follows: (1) having end-stage disease (i.e., expected to live less than
6 months); (2) having moderate to severe risk of myelosuppression; (3) complicated by severe cardiovascular or
cerebrovascular diseases, liver or renal dysfunctions, systemic immune disorders, or other malignant tumors.

Researchers screened the electronic medical records of hospitalized patients daily to identify patients with
HM who met the inclusion and exclusion criteria. Subsequently, the attending physician reviewed the patients’
diagnosis, staging, treatment plan, and physical condition. Certified hematology nurses then conducted face-to-
face interviews with the patients, which lasted approximately 15 min, in the activity room during non-treatment
periods. This approach not only assessed the patients’ cognitive and communication abilities but also identified
their unmet needs. Lastly, after being informed about the study’s purpose, patients who agreed to participate in
the survey signed an informed consent form before receiving the self-reported questionnaires. All procedures
were performed in accordance with the Declaration of Helsinki and approved by the Ethics Committee of the
Ministry of Medicine of IHCAMS (No. FRFCU2023042-EC-2).

Sample size
The sample size was calculated by employing the following formula:
n— le—a/z X p(l —p) (1)
= D

This calculation was performed to determine the sample size required to explore the influencing factors of
specific variables, based on a cross-sectional survey design. In this study, a 95% confidence level (two-sided)
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was applied, with a corresponding Z,_ ,, value of 1.96. Referring to our pilot study, the estimated prevalence of
fear of disease progression among HM patients was 62%, and a margin of error of 5% was deemed acceptable.
Consequently, a minimum sample size of 362 was determined. Meanwhile, a 20% anticipated missing rate was
accounted for in the study, resulting a total of 452 (362/0.8) being identified as the minimum sample size. This
sample size also meets the requirements for achieving statistical power in LPA, as previous methodological
research has shown that N=300-1000 is commonly used?’. Therefore, a total of 500 participants were screened,
and 45 were excluded due to the following reasons: lack of time (n=17); refusal to talk about the topic (n=14);
concerns about the personal information (n=8); being evaluated in a frailty status (n=4); and diagnosis with a
psychiatric disease (n=2). (Fig. 1).

Data collection

Prior to the formal investigation, convenience sampling was used to select 20 patients with HM from Leukemia
Treatment Center, Lymphoma Treatment Center, and Myelodysplastic Syndrome Treatment Center in the
hospital, according to the inclusion and exclusion criteria. The sequence of the survey questionnaires was
adjusted to determine the feasibility and duration of the survey procedure. Researchers conducted training and
guidance sessions for a total of three surveyors from the three departments, covering standardized instructions,
informed consent procedures, questionnaire completion methods, and relevant precautions. A questionnaire
package was collected via an online survey platform called Questionnaire Star. Surveyors guided patients to scan
the QR code to access the questionnaire on the Questionnaire Star platform. When it was difficult for the patients
to understand specific items on the questionnaire, surveyors explained the meaning to them and confirmed the
on-site collection of the questionnaires. Data were double-entered and verified by two individuals, and any
discrepancies were promptly addressed.

Measures

Sociodemographic and clinical characteristics

The general information survey form is designed by the researchers and include sociodemographic data such
as age, gender, education level, marital status, employment status, monthly per capita household income,
and medical insurance status. It also included clinical characteristics, including diagnosis of hematologic
malignancies as well as disease and treatment related data.

Fear of disease progression

The simplified Fear of Progression Questionnaire-Short Form (FoP-Q-SF) was developed by Mehnert et al.?6
with 12 items selected from the original 43-item questionnaire (FOP-Q)?’. The FoP-Q-SF is a self-report
questionnaire that can be used to measure the fear of disease progression in cancer and chronic disease patients.
The Chinese version was adapted by Wu?3, and it includes two dimensions: physiological health (6 items) and
social family (6 items). Items 1 to 3, 5, 9 to 10 represent the physiological health dimensions, while items 4, 6 to
8, 11 to 12 represent the social family dimension. Each item uses a Likert 5-point (1-5 points) scoring method,
with a total score ranging from 12 to 60 points. Higher scores indicate more severe fear of disease progression. A

Patients with HM screened
for the study (n=500
y (n=500) /. Lack of time (n = 17) Y

* Refusal to talk about the topic (n=14)

+ Concerns about the personal information (n=8)

* Being evaluated in a frailty status (n=4)

Enrolled and consented

\- Diagnosis with psychiatric disease (n = 2) /

(n=455)

MDS

Leukemia (n=247)
Lymphoma (n=145)

(n=52)

Multiple myeloma (n=11)

Fig. 1. Flow diagram of the study participants.

Scientific Reports |

(2025) 15:15265 | https://doi.org/10.1038/s41598-025-00415-6 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

score of 34 points or higher indicates a dysfunctional level of FoP. The Cronbach’s a was 0.926 for the total scale
and 0.877 and 0.875 for the two subscales, respectively.

Iliness perception

Illness perception was assessed using the Brief Illness Perception Questionnaire (BIPQ)?’, a validated 9-item
questionnaire measuring patients’ cognitive and emotional representations of any illness or health condition on
an 11-point scale (0=never, 10 =very often) from item 1 to 8. The last item is an open-ended question asking
patients:“ What are the most 3 possible reasons of your illness?”. The higher total score (range: 0-80) indicates
a severe negative perception of illness. The Chinese translation of the BIPQ has been proved to have good
reliability and validity in HM patients®’, while Cronbach’s a was 0.801 in the present study.

Anxiety and depression

Patient’s anxiety and depression were measured using the Hospital Anxiety and Depression Scale (HADS)!.
This is a 14-item self-report questionnaire that can be used to assess psychological distress, which seven items
assessing anxiety and seven items assessing depression. Items were scored on a four-point Likert scale (0-3), and
the total score was calculated by summing the item score. Patients were classified as having present (>11), mild
(8-10), or no symptoms (0-7) for both subscales of anxiety and depression®!. Cronbach’s a was 0.900 for the total
scale, 0.825 for the anxiety subscale, and 0.822 for the depression subscale.

Family resilience

Family resilience was evaluated using the Family Hardiness Index (FHI)**, which consists of three domains,
namely commitment, challenge, and control. The Chinese version was translated by Liu and has been tested
in parents of hospitalized Chinese children, with a Cronbach’s a of 0.803%. The FHI contains 20 items, and
responses are answered on a 4-point Likert scale (0 =totally disagree, 1=disagree, 2=agree, 3 =totally agree),
with higher scores indicating a higher level of family resilience. Cronbach’s a for HM patients in the current
study was 0.885.

)32

Health outcome

The EuroQol-Visual Analogue Scale (EQ-VAS) was used to reflect the patients” self-rated heath on a straight
line with two endpoints, where the 0 is labelled “The worst health you can imagine” and 100 is labeled “The best
health you can imagine” Regarding the outcome of EQ-VAS, which ranges from 0 to 100, it can be seen as a
quantitative assessment of patient-reported health status®.

Data analysis

This study used TidyLPA package in R version 4.3.2 to analyze the potential profile model of fear of disease
progression. Using mean values of EQ-VAS, BIPQ, HADS-anxiety, HADS-depression, and FHI as external
indicator, 1-5 profiles were selected for analysis stepwise. The model fit indices included the Akaike information
criteria (AIC), Bayesian information criteria (BIC), adjusted Bayesian information criteria (aBIC), information
entropy, Lo-Mendell-Rubin likelihood ratio test (LMRT), and bootstrap likelihood ratio test (BLRT)?. Smaller
AIC, BIC, and aBIC values indicate better model fit. The information entropy ranges from 0 to 1, with values
closer to 1 indicating more accurate classification. LMRT and BLRT are used to compare the fit differences
between k class and k-1 class models. When these differences are both statistically significant (P <0.05), the k
class profile model is considered superior to the k—1 class profile model**.

After determining the optimal potential profile model, statistical analysis was conducted using SPSS 24.0. The
count data were described using frequency and percentage, and the normality of measurement data was tested
using the Shapiro-Wilk test. The normal data were described using the mean and standard deviation, while
the skewed data were expressed as median and interquartile range. Group comparisons were conducted using
the identified profiles as grouping variables. Chi-square tests were used for count data, and the non-parametric
Kruskal-Wallis H test was used for measurement data. Then, multivariate logistic regression analysis was used
to identify the influencing factors across different profiles. All statistical analyses were bilateral tests with P<0.05
and considered statistically significant.

Results

General characteristics of survey subjects

There were 500 patients invited to participate in the cross-sectional study, and data from 455 (91%) were available.
The general sociodemographic characteristics of the sample are presented in Table 1. The majority were male
(n=247; 54.29%) and lived in urban areas (n=221; 48.57%). The median and interquartile range of age when
surveyed was 46.00 (32.00, 58.00) years, and the duration of diagnosis was 0 (0, 1) years. Furthermore, to ensure
consistency for subsequent univariate analysis, both age and time since diagnosis were divided into three groups.
Additionally, 247 of 455 (54.29%) participants had been diagnosed with leukemia, 145 with lymphoma (31.87%),
52 with MDS (11.43%), and 11 with multiple myeloma (2.41%), respectively. More than half of the participants
were unemployed or retired (n=291; 63.96%).

Potential profile analysis of fear of disease progression

The scores of FoP-Q-SE, EQ-VAS, BIPQ, HADS-anxiety, HADS-depression, and FHI exhibited non-normal
distribution. Therefore, the median and interquartile range for each variable were as follows: FoP-Q-SE, 35.5
(28,43); EQ-VAS, 70 (50,86.5); BIPQ, 41 (35,49); HADS-anxiety, 8 (6,11); HADS-depression, 7 (4,10); and FHI,
55 (47,59). Starting from the initial model, four potential profile models were fitted, as shown in Table 2. As
the number of categories increased, the information entropy values were all greater than 0.8, and AIC and BIC
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Variables Frequency (n) | Percent (%)
Gender

Male 247 54.29
Female 208 45.71

Age (at the time of the survey, years)

<35 135 29.67
35~65 273 60.00
>65 47 10.33
Residence

Urban area 221 48.57
Rural area 126 27.69
Suburban area 108 23.74

Marriage status

Unmarried 84 18.46
Married 323 70.98
Divorce 35 7.69
Bereave 13 2.86
Education

Primary school or lower 32 7.03
Junior high school 120 26.37
High school or vocational school 113 24.84
Academic degree or college school 153 33.63
Master’s degree or higher 37 8.13
Monthly per capita household income (CNY, yuan)

<3000 207 45.49
3000~ 5000 147 3231
>5000 101 22.20

Employment status

Full time job 117 25.71
Part-time job 16 3.52
Retain the job but suspend the salary | 31 6.81
Retirement 105 23.08
Unemployed 186 40.88
Diagnosis

Leukemia 247 54.29
Lymphoma 145 31.87
MDS 52 11.43
Multiple myeloma 11 241
Duration of diagnosis (years)

<1 339 74.50
1-5 94 20.66
>5 22 4.84
Chemotherapy

Yes 33 7.25
No 422 92.75

Table 1. Sociodemographic and clinical characteristics of participants (1 =455). CNY is the standard currency
symbol for China Yuan.

values gradually decreased, reducing to 0.79 when the number of categories reached 5. Further comparison of
the fit indices of various potential profile models, considering the P values of LMRT and BLRT, as well as the
clinical significance of FoP, led to the selection of a 3-category potential profile model as the optimal model for
FoP in the study. The patients with HM were divided into three subgroups based on their risk levels of fear: low-
risk fear group (LRF), moderate-risk fear group (MRF), and high-risk fear group (HRF), as illustrated in Fig. 2.

The total scores of each variable in the three potential profile categories, as well as the results of pairwise
comparison between them, are presented in Table 3. The total score of the low-risk fear group (LRF) was 21 (20,
24), with BIPQ scores being low and EQ-VAS and FHI scores being high. The total score of the moderate-risk
fear group (MRF) was 34 (30, 39), with BIPQ, EQ-VAS and FHI scores being moderate. Moreover, the results
reveled that the total score of the high-risk fear group (HFR) was 45 (39.5,50.5), with EQ-VAS and FHI scores
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Mean values of each variable

Profile | AIC BIC aBIC Information entropy | LMRT (P-value) | BLRT (P-value) | Profile prevalence (%)

2 15568.68 | 15655.21 | 15588.56 | 0.802 0.191 <0.01 34.73/65.27

3 15371.33 | 15503.18 | 15401.62 | 0.827 <0.01 <0.01 20.88/54.73/24.39

4 15376.05 | 15553.22 | 15416.75 | 0.854 0.222 0.287 19.38/18.63/50.82/11.17

5 15336.63 | 15559.12 | 15387.75 | 0.789 0.601 <0.01 17.00/11.90/41.76/12.46/16.88

Table 2. Fit indices for latent class analysis of fear of progression in HM patients. AIC Akaike information
criteria, BIC Bayesian information criteria, aBIC adjusted Bayesian information criteria, LMRT Lo-Mendell-
Rubin likelihood ratio test, BLRT bootstrapped likelihood ratio test.

— LRF (n=95, 20.88%)
- MRF (0=249, 54.73%)
— HRF (=111, 24.39%)

EQ-VAS BIPQ HADS-A HADS-D FHI
Fig. 2. Three latent profiles of fear of progression in HM patients.

Scores based on the profiles (M(P,,

P..))
Variable | LRF MRF HRF Pairwise comparison | H value | P value
FOP-Q-SF | 25 (21,30) 34 (30,39) | 45 (39.5,50.5) | LRF<MRF < HRF 21.158 | <0.01
EQ-VAS 90 (79.5,100) | 70 (60,83) | 50 (30,60) LRF>MRF >HRF 4.322 | <0.05
BIPQ 33(27,38.5) | 40(37,45) | 53 (49,58) LRF<MRF<HRF 11.034 | <0.01
HADS-A |4(2,5) 8(7,9) 13(11,15.5) | LRE<MRF<HRF 871.954 | <0.05
HADS-D |2(1,3) 7 (5,9) 13 (11,15) LRF<MRF <HRF 984.201 | <0.05
FHI 58 (45.5,65) | 55(48,59) | 53 (48.5,56.5) | LRF>MRF >HRF 0.987 | >0.05

Table 3. Pairwise comparison of the variables based on the profiles. M(P25, P75), Median and interquartile
range; LRF for low-risk fear group; MRF for moderate-risk fear group; HRF for high-risk fear group; H value
for the results of Kruskal-Wallis H test.

being low and BIPQ scores being high level. However, only the FHI scores showed no significant differences in
pairwise comparisons between LRE, MRF and HRE

Multivariate logistic analysis results on influencing factors of profiles of fear of diseases
progression

Univariate analysis was conducted to identify the significant differences between the three profiles in terms
of sociodemographic and clinical factors, and the results are presented in Table 4. Thus, gender (x*=14.64,
P<0.01), age (x*=33.43, P<0.01), marital status (x*=25.13, P<0.01), education background (x*>=39.46,
P<0.01), monthly per capita household income (x2= 17.36, P<0.01), employment status (X2 =23.25, P<0.01),
and hematologic diagnosis (x?=23.94, P<0.01) were identified in univariate analysis. The variable selection
followed a hierarchical strategy: (1) initial univariate screening (variables with P<0.05) and (2) rigorous control
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Potential profile group
High-risk
Low-risk Moderate-risk Fear group (n=111) P-
Variables Fear group (n=95) (%) | Fear group (n=249) (%) | (%) value
Yes 15(15.79) 137(55.02) 103(92.79)
FoP-Q-SF 123.454 | <0.01
No 80(84.21) 112(44.98) 8(7.21)
Male 68(71.58) 122(49.00) 57(51.35)
Gender 14.645 | <0.01
Female 27(28.42) 127(51.00) 54(48.65)
<35 44(46.32) 74(29.72) 17(15.32)
Age (at the time of the 7357705 48(50.53) 153(61.45) 72(64.86) 33432 | <001
survey, years)
>65 3(3.16) 22(11.65) 22(19.82)
Unmarried 45(47.37) 29(18.47) 10(9.01)
Married 50(52.63) 189(75.90) 84(75.68)
Marital status 25132 | <0.01
Divorced 0(0.00) 22(8.84) 13(11.71)
Bereaved 0(0.00) 9(3.61) 4(3.60)
Primary school or lower 0(0.00) 17(10.00) 15(17.24)
Junior high school 13(13.68) 70(28.11) 37(33.33)
Education High school or vocational school 21(22.11) 63(25.30) 29(26.13) 39.468 | <0.01
Academic degree or college school 50(52.63) 79(31.73) 24(21.62)
Master’s degree or higher 11(11.58) 20(8.03) 6(5.41)
26(27.37 122(49.! 1
Monthly per capita <3000 6(27.37) (49.00) 59(53.15)
household income (CNY, | 3000 ~ 5000 40(42.11) 73(29.32) 34(30.63) 17.363 | <0.01
yuan) >5000 29(30.53) 54(21.69) 18(16.22)
Full time job 37(38.95) 61(24.50) 19(17.12)
Part-time job 2(2.11) 11(4.42) 3(2.70)
Employment status Retain the job but suspend the salary | 9(9.47) 13(5.22) 9(8.11) 23.254 | <0.01
Retirement 13(13.68) 55(22.09) 37(33.33)
Unemployed 34(35.79) 109(43.78) 43(38.74)
Leukemia 62(65.26) 144(57.83) 41(36.94)
Lymphoma 25(26.32) 77(30.92) 43(38.74)
Diagnosis 23946 |<0.01
MDS 6(6.32) 23(9.24) 23(20.72)
Multiple myeloma 2(2.11) 5(2.01) 4(3.60)
<1 73(76.84) 189(75.90) 77(69.37)
(T;‘;fsimce diagnosis 1-5 18(18.95) 48(19.28) 28(25.23) 2169 | 0.705
>5 4(4.21) 12(4.82) 6(5.41)
Yes 6(6.32) 15(6.02) 12(10.81)
Chemotherapy 2.773 0.250
No 89(93.68) 234(93.98) 99(89.19)

Table 4. Univariate analysis of sociodemographic characteristics among the profiles (n, %).

for collinearity (VIF<2.5 for all retained variables). Based on these results, multivariate logistic regression
models were used for analysis, with the potential profile categories as the dependent variable (LRF=1, MRF =2,
HRF=3).

Table 5 presents the results of the multivariate logistic regression analysis of the variables that identified
different patterns of fear of disease progression. McFadden’s pseudo-R? values was 0.462, demonstrating
reasonable explanatory power of the model. Compared with the low-risk fear group, female HM patients were
more likely to report a moderate-risk fear (OR 2.577, 95% CI 1.511-4.396 ) or high-risk fear (OR 2.295, 95%
CI 1.217-4.323 ); elderly patients were more likely to report a moderate-risk fear (OR 4.140, 95% CI 0.996-
17.187) or high-risk fear (OR 9.363, 95% CI 1.981-44.252) than younger patients; HM patients with a higher
academic degree were less likely to report a moderate-risk fear (OR 0.365, 95% CI 0.162-0.818) or high-risk
fear (OR 0.270, 95% CI 0.104-0.693) than those with junior high school and lower education; HM patients with
a moderate family income (3000 CNY ~5000 CNY) were less likely to report a moderate-risk fear (OR 0.477,
95% CI 0.104-0.693) or high-risk fear (OR 0.409, 95% CI 0.190-0.879) than those with a lower income (<3000
CNY); patients with lymphoma were more likely to report a high-risk fear than those with leukemia (OR 2.295,
95% CI 1.120-4.797).

Discussion

Adults who receive a life-threatening diagnosis of hematologic malignancy at a significant stage or transition
to later life are particularly vulnerable to psychosocial problems. The aim of this cross-sectional study was to
analyze the differences in patterns of fear of disease progression based on a family model, considering personal
factors, physical and psychological adaptability, psychosocial health outcomes, and family-related factors. This
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Group comparison | Variables B Standard error | Pvalue | OR | 95% CI
Intercept 0.254 | 0.697 0.715 | 1.290 | 0.329-5.054
Female vs. male 0.946 | 0.272 <0.01 2.577 | 1.511-4.396
“35~65"vs. “< 357 0.520 | 0.373 0.163 | 1.681 | 0.809-3.491
Age (years)
“> 657 vs. “< 35”7 1.421 | 0.726 0.05 4.140 | 0.996-17.187
Marital status Married vs. single status —-0.039 |0.382 0.918 |0.962 | 0.454-2.034
High school or vocational school vs. | _ 596 | o 415 0.154 | 0.551 | 0.242-1.250
Junior high school and lower
. Education - - -
Moderate-risk fear Academlc degree and higher vs. Junior | _ 1.008 | 0.412 0014 | 0365 | 0.162-0.818
group for low-risk high school and lower
fear group - « R »
Monthly per capita | “3000 ~5000” vs. “< 3000 -0.739 | 0.328 0.024 | 0.477 | 0.251-0.908
household income
(CNY, yuan) “>5000” vs. “< 3000” -0.597 | 0.377 0.113 | 0.550 | 0.262-1.152
Unemployed vs. full time job 0.036 | 0.362 0.920 | 1.037 | 0.509-2.109
Employment status
Others vs. full time job 0.142 | 0.292 0.717 | 1.153 | 0.534-2.484
Lymphoma vs. leukemia 0.281 | 0.308 0.362 | 1.324 | 0.724-2.419
Diagnosis MDS vs. leukemia —0.049 | 0.525 0.926 |0.952 | 0.340-2.665
Multiple myeloma vs. leukemia 0.145 | 0.904 0.872 | 1.156 | 0.196-6.802
Intercept - 1.070 | 0.849 0.207 | 0.343 | 0.064-1.808
Female vs. male 0.830 | 0.323 0.010 |2.295 | 1.217-4.323
A “35~65" vs. “< 35” 0.772 | 0.484 0.111 |2.163 | 0.837-5.585
e
8 “> 657 vs. “< 35”7 2.237 10.792 0.005 |9.363 | 1.981-44.252
Marital status Married vs. single status 0.226 | 0.491 0.645 | 1.254 | 0.479-3.278
High school or vocational school vs. | _ ¢ 6g7 | o 467 0.141 |0.503 | 0.201-1.254
Junior high school and lower
. ok Education - - -
H1gh—rlsl'< ear group Academlc degree and higher vs. Junior | _ 1311 | 0.482 0.007 | 0.270 | 0.104-0.693
for low-risk fear high school and lower
group Monthly per capita | “3000~5000” vs. “< 3000” ~0.894 | 0391 0.022 |0.409 | 0.190-0.879
household income
(CNY, yuan) “>5000” vs. “< 3000”7 -0.941 | 0.471 0.046 | 0.390 | 0.154-0.983
Unemployed vs. full time job 0.227 | 0.449 0.613 | 1.255 | 0.520-3.025
Employment status
Others vs. full time job 0.152 | 0.497 0.760 | 1.634 | 0.439-3.079
Lymphoma vs. leukemia 0.831 | 0.366 0.023 | 2.295 | 1.120-4.797
Diagnosis MDS vs. leukemia 0.889 | 0.553 0.108 |2.432 | 0.822-7.188
Multiple myeloma vs. leukemia 1.205 | 0.973 0.216 | 3.337 | 0.495-22.484

Table 5. Multivariate logistic regression analysis of variables influencing the potential profiles of FoP.

study scientifically and reliably utilized the latent profile analysis (LPA) model to identify the influencing factors
of the FoP latent profiles among patients with hematologic malignancies .

Profiles of fear of disease progression

In our study, three latent patterns of FoP were identified: class 1-the low-risk fear group (20.88%), class
2-the moderate-risk group (54.73%), and class 3-the high-risk group (24.39%). These results suggested that
hematologic malignancy patients’ FoP varied and reflected individual differences. The latent profile analysis is
widely used to identify potential characteristics in varied populations. In a related study by Li et al.’¢, three latent
patterns of fear of cancer recurrence (FCR) were identified among breast cancer (BC) patients. Social support,
monthly family income, employment status, and medical coping modes were found to impact FCR among newly
diagnosed BC patients. Another cross-sectional study*’ identified two groups of FCR among family caregivers
of patients with HM, suggesting that healthcare professionals can tailor personalized support and intervention
measures to help patients and caregivers cope with emotional burden. For children with leukemia, researchers
used the LPA model to categorize them based on the chemotherapy-related symptoms. They indicated that
identifying heterogeneity in symptom severity is important to facilitate symptom-oriented care and maximize
intervention effectiveness®. Thus, these findings highlight the importance of understanding the diverse profiles
of FoP in patients with HM and suggest that targeted interventions should be developed to address the specific
needs of each group, ultimately improving their psychological well-being and quality of life.

Predictors of the potential profile group of FoP

The impact of illness perception, anxiety, and depression on the FoP

This study found that HM survivors in the high-risk fear group were more likely to present a high level of
illness perception, as well as anxiety and depression. These results were consistent with the findings of several
previous studies focusing on the relationship between illness perception and FoP among hematopoietic stem
cell transplantation survivors®, lung cancer patients*’ and chronic heart failure patients*!. HM patients who
felt higher emotional distress exhibited stronger negative illness perception, were more likely to rely on passive
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coping strategies, and had lower quality of life. The results of Shen et al’s study showed that social constraints
can enhance negative illness perception, and the latter can promote patients’ FoP*. Mellon'® noted that the
concurrent stress of devastating events may drain survivors” and family caregivers’ mental energy. Illness-related
stressors may further exacerbate psychological distress and concerns about FoP. In addition, according to the
theory of FoP, the cognitive process by which patients experience internal (physical symptoms and side effects) or
external ( social concerns, medical follow-up, etc.) trigger is affected by factors associated with the surrounding
environment. Thus, negative factors increase survivors  negative perception of illness and psychological distress®.

Furthermore, we found that the levels of anxiety and depression were the lowest among the low-risk fear
group and the highest among the high-risk group. Considering that most of the HM patients in our study
were young and middle-aged adults, with more than 70% of them having been diagnosed less than one year,
we assumed that the reasons for anxiety and depression were not only the consequences of sudden diagnosis
or unprepared treatment, but also the cognitive processes of concerns and worries about whether the illness
would be cured, progressed, or temporally controlled. Throughout the treatment process, cancer patients may
experience physical symptoms that cause pain, uncomfortable waiting times, and compromised self-image and
self-esteem®2. In addition, physical symptoms and functional problems can degrade functioning in daily life and
increase vulnerability to anxiety, depression, and fear of illness progression or recurrence®®. Collectively, illness
perception and emotional burden are the key elements of the cognitive process, reflecting the patients’ physical
and psychological burden of experiences. Empowering patients with appropriate perception and effective coping
strategies could be beneficial in managing fear and uncertainty related to the disease, thus improving mental
well-being and reducing FoP.

Family resilience’s protective role on the FoP

The results of this study also showed that family resilience played a protective role in the patterns of FoP subgroup,
with the highest level among the low-risk fear group and lowest level among the high-risk group, consistent with
findings in studies of cancer survivors'® and breast cancer patients*%. Family resilience encompasses multiple
dimensions used to measure family members’ hardiness to stress, including family co-oriented commitment,
confidence in dealing with problems, attitudes towards current challenge, and sense of control over family life*".
These dimensions have been demonstrated to have a significant impact on the FoP experienced by patients's.
The median FHI score was 55 (1st quartile 47, 3rd quartile 59), consistent with the results of a Chinese study on
patients with heart failure (mean 57.95, SD 11.41)*. These assessments indicate that the level of family resilience
plays an equivalent and primary protective role within traumatic events.

Especially in Chinese culture, where family bonds and care are strongly connected among family members*,
the active involvement of spouses, parents, children, and siblings in the present study can further provide
powerful and helpful social support, including emotional and financial aid. Family resilience, deeply rooted in
Chinese culture, provides high levels of support and understanding, mitigating survivors’ isolation and anxiety,
enables them to make practical decisions, empowers personal resilience, encourages positive evaluations
of current situations, and reduces the FoP**®, However, the lack of statistical significance in FHI among the
three potential classes in our study might be due to the fact that most of the HM participants were married.
Consequently, spouses or partners exhibited equivalent level of resilience. These results may pave the way for
tailored interventions focused on dyadic coping mechanisms or strategies for spouses or partners, aimed at
mitigating the FoP and improving overall health outcomes for both patients and the families.

The effect of general characteristics on the FoP

In terms of sociodemographic characteristics of the participants, several studies have reported that FoP is more
prevalent among survivors who are female and younger®>*. Similarly, the study found that compared with
males, female patients were more likely to report moderate- or high-risk fear, which aligns with the findings in
patients with gastrointestinal stromal tumor®! and hematological cancer®?. Based on recent studies in the field
of neuroscience, females recognize and express emotions more easily than males®. It can also be interpreted
in the qualitative evidence synthesis study conducted by Chombhaill et al.>* that most women were aware of
the prognosis, which led to concerns about missing out on meaningful milestones in their lives of spouse and
children. Therefore, FoP aggravated women’s worries for the future of their loved ones®.

An interesting result was found in the patients’ characteristics: Older HM patients were at moderate to high
risk of FoP, which was inconsistent with the findings of other studies®®*’. This discrepancy is mainly due to the
fact that older HM survivors, compared with younger patients, had more social frailty, isolation and economic
issues. Most elderly patients face financial burdens due to side effects and complications during treatment.
For example, in addition to common side effects of chemotherapy such as fatigue, vomiting, appetite loss,
and insomnia, complications like invasive fungal infections and bacterial infections present frequent adverse
outcomes for HM patients, resulting in high physical and economic burden®®. The increasing number of adverse
outcomes may indicate an increasing risk of life-threatening events or disease severity in elderly patients, which
could contribute to severe concerns about disease progression among them. Notably, the median levels of
anxiety and depression was 8 and 7, respectively, indicating a relatively moderate level of psychological distress
and emotional burden. This is in line with findings from Sarkar and colleagues, who presented the impact of
FoP on aging populations’ mental health-related quality of life prior to the treatment™. Regarding the reasons
for physical frailty, emotional distress, and economic burden, elderly HM patients tend to be more vulnerable
to worsening FoP.

Moreover, concerning sociodemographic variables such as monthly per capita household income and
educational background, the results showed that the HM patients with a high level of education or income were
more likely to have a low risk of FoP. Gallenkamp et al.® demonstrated that patients who were socially isolated
5 to 7 years post-diagnosis, as well as those with less education or income, were at a greater risk of experiencing
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moderate to high levels of FoP, which can impact their QoL. The results suggest the need to pay more attention to
these vulnerable patients, especially during and after the treatment period. Clinicians should consider providing
effective strategies to help them learn about the prognosis and make shared decisions with patients and family
caregivers.

The differences of hematologic diagnosis on the FoP

This study found that lymphoma patients have a significantly higher FoP than leukemia patients, consistent
with the findings of Borreani et al.’2. This results may stem from a difference in the perception of disease
outcomes. Studies have reported that the cure rate for lymphoma patients is much higher than that for leukemia
patients®!. However, leukemia survivors have a much lower risk of late relapse, second primary malignancies,
cardiovascular complications, and debilitating long-term treatment sequelae (such as polyneuropathy) compared
to lymphoma patients®?. Therefore, the characteristic relapse-remitting course of lymphoma may impose a
unique psychological burden®, as patients must continuously face the uncertainty of the “watchful waiting”
period and the cumulative pressure of multi-line treatments. It is noteworthy that among the 145 lymphoma
patients in this study, 71.7% (104/145) were not at their initial diagnosis, and 45% of these patients required
multi-line therapy for relapsed/refractory cases, which may explain the higher levels of FoP. Additionally, 72% of
the 145 patients received anthracycline-containing regimens, which may have exacerbated FoP due to concerns
about cardiac toxicity. Thus, further research with larger samples and longitudinal data is needed to differentiate
and validate the differences in FoP levels among different subtypes of malignant hematological patients.

Strengths and limitations

Our study innovatively integrates latent profile analysis with the family model to systematically reveal the
heterogeneous characteristics and key predictors of fear of progression among Chinese patients with hematologic
malignancies. Leveraging the resources of a national clinical research center for malignant hematology and
collaborating with a team of clinicians and hematological oncology nurses, the study ensures the scientific rigor
and clinical applicability of the results through multidimensional assessment and quality control of the research
process. Additionally, the identification of risks associated with female, older age, lower education level, lower
family income, and lymphoma subtypes holds significant practical implications, providing a theoretical basis for
clinical screening and family-involved care.

However, the current study presents some limitations that need to be considered. Firstly, we chose participants
by convenience sampling from a single center. Meanwhile, the homogeneous sample was selected with regional
bias, which could be mitigated to some extent because patients came from almost all over the country to one of
the most renowned hematology-specific hospital. Second, the study was a cross-sectional analysis investigated
hospitalized patients, which does not allow for a casual interpretation of the entire treatment cycle of HM
patients. In addition, the limited sample size in this study may have introduced bias in the subgroup analysis.
In particular, among the different hematological cancers, the lymphoma group included a relatively large
proportion of relapsed and refractory cases. Moreover, variables such as treatment cycles, chronic disease index,
and sources of social support can also affect the primary outcome indicators. Further research should address
these limitations by analyzing FoP and explore biomarkers of psychological distress in multi-center hospitals
over the full course of treatment.

Clinical implications

Hematologic malignancy patients are at varied risk of FoP and other physical and psychological distress. In
terms of these results, we suggest that medical staff should pay attention to the HM patients who are female,
older, have low levels of education or income, as well as those at risk of anxiety, depression, and negative illness
perception, to identify moderate to high risk of FoP at an early stage and offer effective interventions to mitigate
psychological distress.

Specifically, we implemented an intervention for patients in these three wards previously mentioned. Using
data from initial cross-sectional surveys to identify the incidence of FoP and the core concerns and fears of HM
patients, we collaborated with mental health professionals to develop a mindfulness learning program delivered
via a WeChat mini-program on mobile phone. During hospitalization, nurses provided in-person guidance
to patients and their caregivers, including introducing mindfulness practices and using videos and audio
materials for weekly exercises, as well as teaching them to continue online mindfulness practice and community
interaction via mobile phones after discharge. After one year of project implementation, we observed significant
improvement in FoP, anxiety, and depression among patients and caregivers (unpublished results from the
MindFOP-HM study).

Conclusions

In this cross-sectional study of patients with hematologic malignancies, three latent profiles of fear of disease
progression were identified using the LPA technique based on the family model. Taken together, our investigation
supposed that these profiles of FoP were significantly associated with gender, age, education, family income,
hematologic diagnosis, patient-reported health conditions, illness perception, anxiety, and depression.

To address the heterogeneous needs of survivors, healthcare professionals should adopt a multidimensional
approach to mitigate FoP and enhance psychological well-being. Tailored intervention plans should be
developed to targets different risk groups with specific strategies. For example, clinical teams could provide
peer support for the low-risk group, focus on family resilience and social support for the moderate-risk group,
and design cognitive-behavioral therapy for the high-risk group. Moreover, healthcare providers can leverage
Al-driven intelligent healthcare to develop monitoring systems that capture patient self-assessment scores
and complaints. These systems can track physical and psychological symptoms and offer evidence-based,
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personalized interventions. Importantly, policymakers should advocate for incorporating FoP screening into
psycho-oncology services and developing family-centered activities in collaboration with community hospitals
and professional mental health institutions.

Data availability
The data supporting this study’s findings are available on request from the corresponding author. The data are
not publicly available due to privacy or ethical restrictions.
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