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Abstract: Background: Cancer-Related Fatigue (CRF) is a prevalent and debilitating symptom in breast cancer 

patients, significantly impacting their quality of life and potentially affecting postoperative outcomes. Despite 

advances in breast cancer treatment, the long-term implications of CRF on prognosis remain unclear. Methods: 

This retrospective cohort study included 310 postoperative breast cancer patients from two large 

comprehensive hospitals. We systematically collected demographic, medical history, lifestyle, psychological 

status, and CRF data. Univariate and multivariate Cox regression analyses were performed to identify 

independent prognostic factors. Random forest survival analysis, propensity score matching, Kaplan-Meier 

survival analysis, and restricted cubic spline analysis were utilized to comprehensively evaluate the 

relationship between CRF and postoperative prognosis. Results: Higher CRF scores were associated with worse 

postoperative outcomes (HR = 1.07, 95% CI: 1.03-1.10, P < 0.001). Other independent prognostic factors included 

higher HADS scores (HR = 1.09, 95% CI: 1.01-1.17, P = 0.032), not undergoing breast-conserving surgery (HR = 

0.43, 95% CI: 0.20-0.89, P = 0.024), and not receiving endocrine therapy (HR = 7.13, 95% CI: 2.64-19.22, P < 0.001). 

Random forest survival analysis highlighted CRF as the most critical variable impacting prognosis. Propensity 

score matching effectively balanced baseline characteristics, and Kaplan-Meier survival curves demonstrated 

significantly lower survival rates in high-CRF patients both before and after matching (P < 0.05). Restricted 

cubic spline analysis revealed a nonlinear relationship between CRF scores and disease progression risk, with 

significant risk increases beyond specific thresholds. Conclusions: CRF is a crucial predictor of disease 

progression in postoperative breast cancer patients. Higher CRF and HADS scores, non-breast-conserving 

surgery, and lack of endocrine therapy are associated with poorer prognosis. These findings underscore the 

importance of comprehensive postoperative care, including effective management of fatigue and psychological 

health, to improve patient outcomes. Future research should focus on prospective studies and targeted 

interventions for CRF to validate these findings and enhance clinical practices. 

Keywords: breast cancer; cancer-related fatigue; propensity matching analysis; survival analysis; 

restricted cubic splines 

 

Introduction 

Breast cancer is the most common malignancy among women worldwide, with its incidence and 

mortality rates increasing annually1. According to the World Health Organization (WHO), breast 

cancer has become one of the major threats to women's health2. In China, the incidence of breast 

cancer is also rising, making it the most prevalent malignancy among women3-4. Despite significant 

advances in early diagnosis and treatment, improving the long-term quality of life for patients 
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remains an urgent issue. The primary treatment modalities for breast cancer include surgery, 

chemotherapy, radiotherapy, and hormone therapy. Surgery forms the cornerstone of breast cancer 

treatment by removing tumor tissue to control the disease. Chemotherapy and radiotherapy are 

commonly used adjuvant treatments aimed at eliminating residual cancer cells and reducing the risk 

of recurrence5-6. Hormone therapy is suitable for hormone receptor-positive breast cancer patients 

and works by regulating hormone levels to inhibit tumor growth. Although these treatments 

significantly improve survival rates, they also bring side effects such as fatigue, pain, and 

psychological issues7.  

Postoperative rehabilitation for breast cancer is crucial for enhancing patients' quality of life. 

This rehabilitation includes not only physical recovery but also psychological and social recovery. 

Through scientific rehabilitation training and psychological counseling, postoperative discomfort can 

be alleviated, thereby improving the quality of life8-9. However, during the postoperative 

rehabilitation process, Cancer-Related Fatigue (CRF) is a common and severely troubling issue for 

patients. CRF affects not only the physical function of patients but also their psychological state and 

social life10.  

CRF is a persistent, subjective fatigue related to cancer and its treatment, which cannot be 

alleviated by rest or sleep. CRF is distinct from normal fatigue, characterized by its long duration and 

high severity, significantly impacting patients' daily life and work ability11. CRF has been defined as 

an independent symptom by the Union for International Cancer Control (UICC) and the National 

Comprehensive Cancer Network (NCCN), warranting heightened attention from clinical healthcare 

providers12. The main symptoms of CRF include persistent fatigue, lack of energy, difficulty 

concentrating, memory decline, low mood, and sleep disturbances. Patients often feel that even with 

adequate rest, they cannot regain their physical and mental strength. This persistent fatigue affects 

not only the patient's physical activity but also limits their social interactions and professional life13.  

CRF has a significant negative impact on the quality of life for postoperative breast cancer 

patients. Existing studies have reported that CRF is a high-risk factor for poor prognosis after breast 

cancer surgery. However, current research still has questions about the long-term impact of CRF on 

postoperative prognosis and the best assessment points14-15. This study retrospectively analyzes data 

from postoperative breast cancer patients at two centers, using Cox regression analysis, random 

forest survival analysis, propensity score matching analysis, and restricted cubic spline analysis to 

comprehensively evaluate the relationship between CRF scores and postoperative prognosis in breast 

cancer patients, exploring the potential link between CRF and poor prognosis in breast cancer.  

Methods 

Study Design 

This study aims to explore the relationship between Cancer-Related Fatigue (CRF) and disease 

progression after breast cancer surgery, utilizing a retrospective cohort study design. The study 

subjects are patients who underwent breast cancer surgery at two large comprehensive hospitals. 

Systematic collection of medical histories and follow-up data will be conducted to comprehensively 

analyze the relationship between CRF and postoperative prognosis in breast cancer patients. 

Patient Sources  

1. Research Centers The study subjects are from the breast surgery departments of two large 

comprehensive hospitals.  

2. Inclusion Criteria 1) Female patients aged between 18 and 70. 2) Underwent radical breast cancer 

surgery. 3) Received at least one postoperative treatment (chemotherapy, radiotherapy, or 

hormone therapy). 4) Signed informed consent.  

3. Exclusion Criteria 5) Concurrent severe diseases (e.g., cardiovascular diseases, severe liver or 

renal insufficiency). 6) Cognitive impairments or mental disorders preventing questionnaire 

completion. 7) Other factors that may affect CRF assessment (e.g., recent major surgeries). 
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Data Collection 

Data will be collected from the hospital HIS system and discharge follow-up system at both 

centers, including:  

1. Demographic Information Age: Recorded at the time of surgery. Marital Status: Classified as 

single (never married, divorced, or widowed) or married.  

2. Medical History Information Disease Stage: Recorded according to the TNM staging system 

(Stages I, II, III). Pathological Type: Specific types of breast cancer. Surgical Method: Types of 

surgery performed (radical mastectomy, breast-conserving surgery, etc.). Postoperative 

Treatment Plans: Detailed records of adjuvant treatments (chemotherapy, radiotherapy, 

hormone therapy). Body Mass Index (BMI): Calculated based on height and weight.  

3. Lifestyle Information Exercise Frequency: Frequency of postoperative exercise, classified as 

daily, weekly, or monthly. Sleep Quality: Assessed using the Pittsburgh Sleep Quality Index 

(PSQI), including seven components: subjective sleep quality, sleep latency, sleep duration, 

habitual sleep efficiency, sleep disturbances, use of sleeping medication, and daytime 

dysfunction. Classified as good, average, or poor.  

4. Psychological Status Hospital Anxiety and Depression Scale (HADS): HADS consists of 14 items, 

assessing anxiety (7 items) and depression (7 items), with each item scored from 0 to 3. The total 

score for each dimension ranges from 0 to 21, with higher scores indicating more severe anxiety 

or depression.  

5. Fatigue Assessment Cancer-Related Fatigue Scale (CFS): The CFS includes 10 items, each scored 

from 0 to 10, with a total score ranging from 0 to 100. Higher scores indicate greater fatigue. 

Statistical Analysis 

All statistical analyses in this study were performed using R software version 4.0.3 and SPSS 

version 25.0. A two-sided P-value of less than 0.05 was considered statistically significant. 

1. Descriptive Analysis 

The baseline characteristics of the patients were summarized using descriptive statistics. 

Continuous variables were reported as means ± standard deviations or medians with interquartile 

ranges (IQR) depending on the distribution of the data, which was assessed using the Shapiro-Wilk 

test. Categorical variables were presented as counts and percentages. To compare baseline 

characteristics between the recurrence and stable groups, t-tests or Mann-Whitney U tests were used 

for continuous variables, and chi-square tests or Fisher's exact tests were used for categorical 

variables. 

2. Univariate and Multivariate Cox Proportional Hazards Regression 

The association between each covariate and the postoperative prognosis was first evaluated 

using univariate Cox proportional hazards regression. Variables with P-values < 0.05 in the univariate 

analysis were included in the multivariate Cox regression model to identify independent prognostic 

factors. The results of the Cox regression analyses were reported as hazard ratios (HR) with 95% 

confidence intervals (CI). 

3. Propensity Score Matching (PSM) 

To address potential confounding factors between the high-CRF and low-CRF groups, we 

applied propensity score matching (PSM) to balance the baseline characteristics. Propensity scores 

were calculated using a logistic regression model based on clinically relevant covariates, including 

age, TNM stage, surgical method, endocrine therapy, and psychological status. A 1:1 matching 

scheme was employed using the nearest-neighbor method without replacement and a caliper width 

of 0.2 of the standard deviation of the logit of the propensity score. The effectiveness of matching was 
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assessed by calculating the standardized mean differences (SMD) for each covariate, with an SMD < 

0.1 considered indicative of good balance between the groups. 

4. Kaplan-Meier Survival Analysis 

Survival curves were generated using the Kaplan-Meier method to compare the survival rates 

between the high-CRF and low-CRF groups, both before and after propensity score matching. 

Differences in survival between the groups were evaluated using the log-rank test, with a P-value < 

0.05 indicating statistical significance. Kaplan-Meier survival curves were presented graphically, 

showing the time to disease progression across different CRF levels. 

5. Random Forest Survival Analysis 

To further assess the importance of each variable in predicting postoperative prognosis, we 

utilized random forest survival analysis. This method allows for the evaluation of complex 

interactions between variables. The random forest model was constructed using 500 decision trees, 

with variables randomly sampled at each split. The variable importance score was calculated for each 

predictor, and the top contributing variables were ranked based on their importance to overall 

survival. 

6. Restricted Cubic Spline Analysis 

To explore the potential nonlinear relationship between CRF scores and disease progression risk, 

restricted cubic spline analysis was performed. The model included 3 knots, and the spline regression 

allowed for a flexible analysis of the continuous CRF score and its association with disease 

progression. The results were graphically represented, showing a threshold effect, with the risk of 

progression significantly increasing beyond a specific CRF score. 

Results 

1. Baseline Characteristics Analysis 

A total of 310 postoperative breast cancer patients were included in the study, with 34 cases 

experiencing disease recurrence and 276 cases remaining stable. There were no significant differences 

in age and BMI between the recurrence and stable groups (P > 0.05). However, significant differences 

were observed in HADS scores, SSRS scores, and CFS scores between the two groups (P < 0.05). The 

recurrence group had significantly higher HADS and CFS scores and significantly lower SSRS scores 

compared to the stable group, indicating higher levels of anxiety, depression, and fatigue, but lower 

social support in the recurrence group. Specific data are shown in Table 1. 

2. Univariate and Multivariate Cox Regression Analysis 

Univariate Cox regression analysis indicated that TNM stage, surgical method, endocrine 

therapy, HADS, SSRS, and CFS were significantly associated with postoperative prognosis in breast 

cancer patients. In multivariate analysis, surgical method, endocrine therapy, HADS, and CFS scores 

remained independent prognostic factors. Specifically, not undergoing breast-conserving surgery, 

not receiving endocrine therapy, higher HADS scores, and higher CFS scores were associated with 

poorer postoperative prognosis. Detailed results are shown in Table 2. 

Table 1. Baseline characteristics of 310 included patients. 

Variable Total (n = 310) Stable (n = 276) Recurrence (n = 34) Statistic P SMD 

Age, Mean ± SD 49.28 ± 17.12 49.22 ± 16.94 49.76 ± 18.79 t=-0.176 0.861 0.029 

BMI, Mean ± SD 24.47 ± 3.40 24.55 ± 3.38 23.83 ± 3.59 t=1.172 0.242 -0.202 

HADS, M (Q₁, Q₃) 9.00 (5.00, 13.00) 9.00 (5.00, 13.00) 11.00 (7.00, 14.50) Z=-2.145 0.032 0.438 

SSRS, M (Q₁, Q₃) 25.00 (12.00, 36.00) 24.50 (12.00, 36.00) 27.50 (17.00, 38.25) Z=-0.889 0.374 0.154 

CFS, M (Q₁, Q₃) 28.00 (18.25, 37.00) 27.00 (17.00, 35.25) 44.00 (26.00, 53.50) Z=-5.393 <.001 1.018 
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∆HADS, M (Q₁, Q₃) 1.00 (-3.00, 5.00) 0.00 (-3.00, 4.00) 2.00 (0.00, 5.00) Z=-1.775 0.076 0.388 

∆SSRS, M (Q₁, Q₃) 2.00 (-5.00, 7.00) 1.00 (-5.00, 6.00) 5.00 (1.00, 9.00) Z=-2.961 0.003 0.66 

∆CFS, M (Q₁, Q₃) 2.00 (-4.00, 9.00) 1.00 (-4.00, 7.25) 8.50 (3.25, 12.00) Z=-4.155 <.001 0.987 

TNM, n (%)    χ²=4.804 0.091  

Ⅰ 68 (21.94) 65 (23.55) 3 (8.82)   -0.519 

Ⅱ 173 (55.81) 153 (55.43) 20 (58.82)   0.069 

Ⅲ 69 (22.26) 58 (21.01) 11 (32.35)   0.242 

Pathology, n (%)    χ²=0.756 0.685  

LuminalA 117 (37.74) 104 (37.68) 13 (38.24)   0.011 

HER-2 positive 93 (30) 81 (29.35) 12 (35.29)   0.124 

TNBC 100 (32.26) 91 (32.97) 9 (26.47)   -0.147 

Breast conserving surgery, n (%)    χ²=11.808 <.001  

yes 94 (30.32) 75 (27.17) 19 (55.88)   0.578 

no 216 (69.68) 201 (72.83) 15 (44.12)   -0.578 

Chemotherapy, n (%)    χ²=0.501 0.479  

no 89 (28.71) 81 (29.35) 8 (23.53)   -0.137 

yes 221 (71.29) 195 (70.65) 26 (76.47)   0.137 

Radiotherapy, n (%)    χ²=3.376 0.066  

yes 87 (28.06) 82 (29.71) 5 (14.71)   -0.424 

no 223 (71.94) 194 (70.29) 29 (85.29)   0.424 

Endocrine Therapy, n (%)    χ²=11.286 <.001  

no 148 (47.74) 141 (51.09) 7 (20.59)   -0.754 

yes 162 (52.26) 135 (48.91) 27 (79.41)   0.754 

Marital Status, n (%)    χ²=1.355 0.244  

single 70 (22.58) 65 (23.55) 5 (14.71)   -0.25 

married 240 (77.42) 211 (76.45) 29 (85.29)   0.25 

Sleep Quality, n (%)    χ²=7.417 0.025  

good 63 (20.32) 61 (22.10) 2 (5.88)   -0.689 

fair 174 (56.13) 155 (56.16) 19 (55.88)   -0.006 

poor 73 (23.55) 60 (21.74) 13 (38.24)   0.339 

IPAQ, n (%)    χ²=0.404 0.817  

low 80 (25.81) 70 (25.36) 10 (29.41)   0.089 

middle 145 (46.77) 129 (46.74) 16 (47.06)   0.006 

high 85 (27.42) 77 (27.90) 8 (23.53)   -0.103 

BMI: Body Mass Index; HADS: Hospital Anxiety and Depression Scale; SSRS: Social support rating scale; CFS: 

Cancer Fatigue Scale; ∆: Delta; IPAQ: International Physical Activity Questionnaire.  
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Table 2. Univariate and multivariate Cox analysis. 

Variables β S.E Z 

Univariate 

 
P 

HR (95%CI) 

  Multivariate  

β S.E Z P HR (95%CI) 

TNM 

Ⅰ Ⅱ Ⅲ 

0.73  

1.14 

0.62  

0.65 

1.18  

1.75 

0.237 

0.08 

1.00 (Reference) 

2.08 (0.62 ~ 7.01) 

3.13 (0.87 ~ 11.22) 

     

Pathology 

LuminalA 

HER-2 positive 

TNBC 

0.08 

-0.27 

0.4 

0.43 

0.19 

-0.62 

0.851  

0.535 

1.00 (Reference) 

1.08 (0.49 ~ 2.36) 

0.76 (0.33 ~ 1.79) 

     

Breast conserving 

surgery 

yes no 

-1.18 0.35 -3.42 <.001 
1.00 (Reference) 

0.31 (0.16 ~ 0.60) 
-0.85 0.38 -2.26 0.024 

1.00 

(Reference) 

0.43 (0.20 ~ 

0.89) 

Chemotherapy 

no yes 
0.24 0.4 0.59 0.558 

1.00 (Reference) 

1.27 (0.57 ~ 2.80) 
     

Radiotherapy yes 

no 
0.89 0.48 1.83 0.068 

1.00 (Reference) 

2.42 (0.94 ~ 6.27) 
     

Endocrine  

Therapy no yes 
1.43 0.43 3.37 <.001 

1.00 (Reference) 

4.20 (1.82 ~ 9.68) 
1.96 0.51 3.88 <.001 

1.00 

(Reference) 

7.13 (2.64 ~ 

19.22) 

Marital Status 

single married 
0.52 0.49 1.07 0.285 

1.00 (Reference) 

1.68 (0.65 ~ 4.36) 
     

Sleep Quality 

good fair 

poor 

1.26  

1.87 

0.74  

0.76 

1.7 

2.46 

0.09 

0.014 

1.00 (Reference) 

3.53 (0.82 ~ 15.16) 

6.46 (1.46 ~ 28.67) 

1.03  

0.89 

0.76  

0.79 

1.35  

1.12 

0.178  

0.261 

1.00 

(Reference) 

2.79 (0.63 ~ 

12.45) 

2.42 (0.52 ~ 

11.35) 

IPAQ low 

middle 

high 

Age 

BMI 

HADS, M 

SSRS, M 

CFS, M 

∆HADS, M  

∆SSRS, M 

-0.03 

-0.26 

0.01 

-0.06 

0.09 

0.01 

0.09 

0.07 

0.07 

0.4 0. 

470. 

010. 

050. 

040. 

010. 

020. 

040. 

03 

-0.07 

-0.55 

0.64 

-1.29 

2.51 

0.78 

5.37 

1.89 

2.59 

0. 

9430. 

5850. 

5250. 

1960. 

0120. 

434<. 

0010. 

059 

0.01 

1.00 (Reference) 

0.97 (0.44 ~ 2.14) 

0.77 (0.30 ~ 1.96) 

1.01 (0.99 ~ 1.03) 

0.94 (0.85 ~ 1.03) 

1.09 (1.02 ~ 1.17) 

1.01 (0.99 ~ 1.04) 

1.09 (1.06 ~ 1.13) 

1.08 (1.00 ~ 1.16) 

1.07 (1.02 ~ 1.13) 

0.08 

0.07 

0.06 

0.04 

0.02 

0.03 

2.15 

3.9 

2.22 

0.032 

<.001 

0.026 

1.09 (1.01 ~ 

1.17) 

1.07 (1.03 ~ 

1.10) 

1.07 (1.01 ~ 

1.13) 

∆CFS, M 0.1 0.03 4.05 <.001 1.11 (1.06 ~ 1.17) 0.07 0.03 2.23 0.026 
1.07 (1.01 ~ 

1.14) 

BMI: Body Mass Index; HADS: Hospital Anxiety and Depression Scale; SSRS: Social support rating scale; CFS: 

Cancer Fatigue. Scale; ∆:Delta; IPAQ: International Physical Activity Questionnaire; HR: Hazard Ratio, CI: 

Confidence Interval. 

3. Random Forest Survival Analysis Results 

Figure 1 shows the importance ranking of variables in the random forest survival analysis. The 

CFS demonstrated the highest importance among all variables, indicating its significant impact on 

postoperative prognosis in breast cancer patients. Other important variables included HADS scores, 

surgical method, and endocrine therapy. 
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Figure 1. Random forest parameter selection and importance ranking of variables. 

4. Propensity Score Matching Analysis Results 

Table 3 and Figures 2 presents the standardized mean differences of covariates between the high-

CFS and low-CFS groups before and after propensity score matching. After matching, the differences 

in covariates between the groups were significantly reduced, indicating that the matching process 

effectively balanced the baseline characteristics between the groups. 

 

Figure 2. (A) Sample Distribution for Propensity Matching Analysis; (B) Propensity score matching 

analysis of the standardized mean difference results for the different variables. 

5. Kaplan-Meier Survival Analysis Before and After Propensity Score Matching  

Figures 3A and 3B show the Kaplan-Meier survival curves for high-CFS and low-CFS groups 

before and after propensity score matching. Before matching, the survival rate of the high-CFS group 

was significantly lower than that of the low-CFS group (P < 0.05). After matching, the survival rate 

difference between the two groups persisted but was reduced (P < 0.05). 

6. Restricted Cubic Spline Analysis Before and After Propensity Score Matching  

Figure 4 illustrates the restricted cubic spline analysis results of CFS scores and the risk of disease 

progression before and after propensity score matching. Both analyses indicate a nonlinear 

relationship between CFS scores and the risk of disease progression, with a significant increase in 
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risk beyond a certain threshold. The optimal CFS score threshold was 28 before matching and 36 after 

matching. 
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Figure 3. (A) Survival analysis of Low/High CFS patients before propensity score matching; (B) 

Survival analysis of Low/High CFS patients after propensity score matching. 

 

Figure 4. The optimal cut-off value of cancer fatigue scale by restricted cubic spline. (A) Before 

propensity score matching; (B) After propensity score matching. 

Discussion 

This study found that CRF is a significant prognostic factor for disease progression in 

postoperative breast cancer patients. Multivariate Cox regression analysis confirmed that higher CRF 

scores (HR = 1.07, 95% CI: 1.03-1.10, P < 0.001), higher HADS scores (HR = 1.09, 95% CI: 1.01-1.17, P = 

0.032), not undergoing breast-conserving surgery (HR = 0.43, 95% CI: 0.20-0.89, P = 0.024), and not 

receiving endocrine therapy (HR = 7.13, 95% CI: 2.64-19.22, P < 0.001) were all associated with poorer 

postoperative prognosis. The random forest survival analysis further validated CRF as the most 

critical variable affecting prognosis, underscoring the necessity of addressing CRF in clinical practice. 

In addition, propensity score matching analysis demonstrated that the baseline differences between 

high-CRF and low-CRF groups were significantly reduced, indicating that the impact of CRF on 

prognosis is independent of other confounding factors. 

Our findings are consistent with prior research. Abrahams et al. highlighted the important role 

of CRF in the long-term outcomes of cancer survivors, supporting the negative impact of CRF on 

postoperative prognosis16. However, unlike previous studies focusing solely on fatigue, our analysis 

also revealed the significant influence of psychological distress in conjunction with CRF on patient 

prognosis. This is in line with the work of Schmidt et al, who emphasized that psychological distress 

is a key determinant of cancer progression and mortality17. These results further support the 

integration of psychological health and physical recovery as central aspects of postoperative 

rehabilitation18. In comparison to existing literature, the uniqueness of this study lies in its 
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comprehensive analysis of CRF alongside other postoperative factors, utilizing multiple approaches 

such as random forest survival analysis to thoroughly assess the impact of CRF. This multi-level, 

multivariate evaluation offers a broader perspective for postoperative rehabilitation strategies19. 

The results of this study highlight the need for a holistic approach to postoperative breast cancer 

rehabilitation, which addresses not only physical recovery but also psychological well-being. Patients 

with higher CRF scores are more likely to experience disease recurrence, potentially due to the 

profound impact of fatigue on their physical activity, psychological state, and overall recovery 

capacity. The dual influence of psychological distress and fatigue may weaken immune function and 

reduce participation in recovery activities, thereby increasing the risk of disease progression20-22. 

These findings further support the theoretical framework that emphasizes the integration of CRF 

management and psychological interventions into standard postoperative care, particularly for high-

risk patients, to provide personalized and comprehensive care plans. From a clinical perspective, the 

identification of CRF as an independent prognostic factor implies that fatigue management should 

be a key component of postoperative rehabilitation. Clinicians can reduce CRF and improve 

prognosis by implementing interventions such as fatigue management programs, exercise therapies, 

and psychological counseling23. Additionally, this study highlights the significant impact of 

psychological health on postoperative recovery, suggesting that systematic psychological health 

screening and support should be incorporated into rehabilitation, especially for patients with severe 

anxiety or depression24. The protective effect of breast-conserving surgery on long-term quality of life 

and prognosis also provides valuable guidance for surgical decision-making25. Similarly, the 

significant role of endocrine therapy in improving the prognosis of hormone receptor-positive breast 

cancer patients underscores the importance of standardized endocrine treatment protocols26. 

Study Limitations 

Despite the valuable insights gained from this study, several limitations must be acknowledged. 

First, the retrospective design may introduce selection bias, and the reliance on self-reported 

assessments for CRF and psychological distress is subject to individual subjective perceptions, which 

could affect accuracy. Future studies should adopt a prospective design and incorporate more 

objective measures of fatigue and psychological well-being to validate these findings. Additionally, 

variability in treatment protocols between the two study centers could limit the generalizability of 

the results. Therefore, future research should include a more diverse patient population and apply 

standardized treatment protocols to further validate these results across different settings. 

Future Research Directions 

Future research should focus on prospective cohort studies to further explore the long-term 

impact of CRF and psychological distress on postoperative prognosis. Moreover, studies on targeted 

interventions aimed at managing CRF could provide practical strategies to improve the prognosis of 

breast cancer patients. Cultural differences in CRF and its impact should also be examined to develop 

intervention strategies tailored to different regions and populations. Finally, future studies could 

investigate the underlying biological mechanisms linking CRF with immune function and 

postoperative outcomes, potentially offering new avenues for clinical treatment. 

Conclusion 

In conclusion, this study demonstrates that CRF is a crucial independent factor affecting the 

prognosis of postoperative breast cancer patients. Higher CRF and HADS scores, not undergoing 

breast-conserving surgery, and not receiving endocrine therapy were all associated with poorer 

outcomes. These findings emphasize the importance of comprehensive postoperative care that 

includes effective management of both fatigue and psychological health to improve patient outcomes. 

Future research should focus on prospective studies and targeted interventions for CRF to further 

validate these findings and enhance clinical practice. 
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